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FOREWORD 


Power development in our country is achieved primarily 
by setting up large thermal and hydroelectric plants with high 
capacity sets, such as 100, 000, 200, 000 and 500, 000 kw. 

Whereas, during the pre-war period the major plant 
manufacturing huge hydro generators was the "Elektrosila" 
factory, at present the number of plants manufacturing hydro- 
generators has increased. The number of engineers and techno¬ 
logists engaged in design, manufacture and operation of these 
plants, has increased and still continues to increase. This book 
is expected to be of use to them. 

Quality and reliability of hydro generators as well as labor 
involved in their manufacture mainly depends on technological 
feasibility of their design, correctly programed production 
process, and use of special equipment and rigging. 

The technological service of the plants, the technologists 
and the designers play a decisive role in this field. 

This book presents the experience in the manufacture of 
generators at the "Elektrosila" factory, which is a pioneer in the 
field of manufacturing huge electrical machines in the country. 

For better understanding, the material is arranged in the 
order of basic subassemblies and the technological process is 
presented in the order of manufacturing the generator parts and 
subassemblies. 

On request from the authors, individual paragraphs of the 
book were written by specialists of the "Elektrosila" factory; for 
example, paragraph 1.2 (Welding of stator frame) is written by 
engineer B. M. Shamsonov and paragraph 1.4 by engineer V. M. 
Spiridonov. 




The authors extend their thanks to A, A, Tarasyuk, the 
chief technologist of the "Sibelektrotyazhmash" factory for 
valuable suggestions during the review of the manuscript and to 
V.V. Dombrovskii, Cand. Tech. Sc., for the pains he took in 
editing the book. 

Knowing fully well that the book is not free from mistakes, 
the authors request that suggestions and remarks be communi¬ 
cated to the address: Leningrad, D-41, Marsovo Pole, Dom 1, 
Leningrad Division of the Publishing House Energiya". 


Authors. 
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INTRODUCTION 


Soviet Union occupies one of the leading places in the world 
in the field of hydro generator construction. A continuous in¬ 
crease in the capacity of individual plant units and of the HEP 
as a whole is a characteristic feature of hydroelectric power 
engineering, as in the case of other branches of power engineer¬ 
ing. For example, the capacity of each of the eight units of the 
Volkhov HEP, whose construction was started in 1926, was 
7,000 kw and that of the station as a whole was 56, 000 kw. The 
capacity of just one unit of the Dnieper HEP, commissioned in 
1932, was 62, 000 kw, i.e. , it surpassed the total capacity of 
Volkhov HEP. 



Fig. 1.1. Umbrella -shaped, hydrogenerator far Volga HEP having a capacity 
of 115, 000 kw at 68.2 rpm. 
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In the post-war period was started the construction of 
cascade hydro powerplants on the Volga with huge hydrogenera- 
tors, which excel all others in torque and load on the pivot 
journal (Fig. I. 1). 

The Volga HEP named after V. I. Lenin having a capacity 
of two million three hundred thousand kilowatts was commis¬ 
sioned in 1958. This was the most powerful HEP constructed 
so far. In 1961, the Volga HEP named after XXII Congress of 
CPSU having a capacity of two million five hundred thirty thous¬ 
and kilowatts was commissioned. In autumn of 1961, the first 
unit of Bratsk HEP on Angara, having a capacity of 225, 000 kw 
went into operation (Fig. I. 2). The construction of the sixteenth 
unit was started at the end of 1963 and that of the seventeenth 
unit in 1965. When all the twenty units are installed, the total 
capacity of the station would reach four million five hundred 
thousand kilowatts. 



Fig. 1,2. Suspension type hydrogenerator for Bratsk HEP having a capacity 
of 225, 000 kw at 125 rpm. 
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The labor consumption for manufacturing different hydro 
generators depends on the cooperation of various enterprises. 
Forgings, casts, insulation material and a number of other 
materials can be produced at the factory manufacturing genera 
tors or may be acquired from elsewhere. 

It would be evident from the approximate distribution of 
the Labor involved in manufacturing main subassemblies of a 
large suspension type hydrogenerator, that stator and rotor 
are the most laborious subassemblies. 


Sub-assembly 

Stator 

Rotor 

Upper spider 
Lower spider 
Exciters 

Oil and air coolers 


Labor consumption, % 

35. 0 
27. 6 
7. 6 

5.4 
4.2 

3.5 


Step bearings, guide bearings, brakes, 
tubing, contact rings, etc. 16. 7 


Total 100.0 


Following relation between different processings is a 
characteristic of the hydrogenerator manufacture. 

Operation Labor consumption, % 

Machining 25 


Welding 


13 


Stamping 


8 
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The hydrogenerators of Bratsk HEP signify the completion 
of a historical phase in the development of Soviet hydrogenerator 
construction, inasmuch as they possess the limiting capacity at 
a particular rotational speed and cooling system. 

It is impossible to increase further the unit capacity of the 
hydrogenerator having conventional cooling system by increasing 
the electromagnetic load. In the case of air-cooled hydrogene¬ 
rators, when pressure is developed by rotation of the rotor, 
heating of stator winding of low-speed machines is usually 
greater than that of rotor winding. Hence, in the first instance, 
it is essential to intensify the cooling of the stator winding. 


In the case of high capacity generators, direct internal 
cooling of stator winding by distilled water is the most rational 
system of forced cooling. The design of rotor winding has to be 
different from the existing one, because in the normal design, 
air entering from rotor ventilating channels sweeps over the 
coil and the pole cores along external outlines, but in forced 
air-cooled poles the air also moves along a large number of 
transverse channels between coil turns and thus cools the copper 
additionally. 


For the same size, combination of these two cooling 
systems doubles the generator capacity. 

From the available techno-economic indices it is evident 
that water cooling of the windings, which is the most significant 
achievement of modern electrical machine building industry is 
radically changing the outlook on further development of hydro¬ 
electric powerplant. Thus, ten generators of 500,000 kw each 
with water-cooled stator and forced air-cooled rotor (Fig. I. 3) 
will be installed at the giant Krasnoyarsk HEP which is under 
construction and will have a capacity of 5 million kw, Such a 
generator exceeds by more than four times the capacity of Volga 
HEP having the same weight. 


An increase in the unit capacity of a hydrogenerator to 
500, 000 kw and more results in an increase in the dimensions of 
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Fig ‘ I- 3. Umbrella -shaped hydrogenerator for Krasnoyarsk HEP having a 
capacity of 50c 000 kw at 93. 8 rpm. 

parts and subasuembli.es. The problem for the technologists is 
to provide, as far as possible, their mechanical processing and 
assembly on die available equipment on the same floor area with¬ 
out lengthening the production cycle. 

As in the case of any other machine, the technical prepara¬ 
tion for the hydrogenerator manufacture is undertaken in two 
stages, namely, the design and the technological stages. Re¬ 
quirements that concern not only high operational characteristics 
but also technological feasibility are imposed on the design of a 
new machine. As such, the designers and technologists, es¬ 
pecially for such high capacity machines as hydro generators, 
should work simultaneously instead of working one after the 
other and their work should start right from the stage of technical 
design. 

After determining the dimensions of basic elements and 
subassemblies, the technologist explores the feasibility of their 
manufacture with available equipment and. assembly floor areas; 
simultaneously, the suitability of universal and big devices is 
determined. If the elaborate design of parts and subassemblies 
presents significant production difficulties, the designer along 
with the technologist must look for more technologically feasible 
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versions. In case new equipment or special large rigging is 
still inevitable, the technologist assumes the earlier versions 
of technical specifications for these projects. 

As a result of improvement in technological feasibility of 
components and subassemblies, introduction of unified parts, 
elaboration of subassemblies and preparation of working draw - 
ings, the riggings required for manufacturing already worked out 
parts are designed and fabricated at the time, when the remain¬ 
ing parts are being designed. 

The above factors, together with the tendency towards 
construction of large number of universal fixtures, appreciably 
shorten the period of technical preparation and if necessary, 
permit complete availability of rigging for the manufacture within 
3 to 4 months after-the release of the last subassembly drawings 
of the hydrogenerator. 

As far as the machining methods and the type of universal 
devices are concerned, the technological processes of machining 
and assembly considered in this book are typical processes used 
in the manufacture of similar huge parts and subassemblies of 
different hydrogenerators*. 

A number of original technological solutions, aimed at 
facilitating and reducing the labor involved, and raising the 
quality adopted at the "Elektrosila" factory, are described in the 
book. We shall briefly mention the most significant of these 
solutions. 

Some of these deal with the universal devices (angles) for 
assembling and partial welding of stator frame sectors and the 
technology of carrying out the operations involved resulting in 
an appreciable increase of the stator quality. 

A new method of segmenting the active steel of stator with 
unevenly spaced wedges ensured economy in the consumption of 
electrotechnical steel; stamping the grooves at the back of 
segments accelerated the compiling process of the cores. 

*Drawings of parts and subassemblies presented in the following text pri¬ 
marily relate to hydrogenerators of Bratsk HEP; drawings of the elements 
of other generators are specifically stipulated. 
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The operation of pressing active stator steel by portable 
multicylinder hydraulic presses increasing the compactness and 
the quality of the cores was introduced at the "Elektrosila" 
factory for the first time in the history of Soviet hydrogenerator 
construction, 

A new design of split stators and a technological process 
for sectorwise arrangement (fitting) of wedges and core assembly 
was worked out, and thus, the need for as sembling, at the factory 
the stator into a ring was eliminated. Simultaneously a univer¬ 
sal rigging was designed and put into production. This opened 
the way to line production of interchangeable stator sectors 
from welding to winding operations. 

Fabrication of hydraulically operated rotary cranes for 
rotor shells of high capacity hydrogenerators of any diameter 
and weight (up to 200 tons) facilitated their installation and turn¬ 
ing from one position to the other in the course of milling the 
wedge-shaped arms and grooves in them, and thus reduced the 
labor involved in these operations. 

Technological solutions of manufacturing and laying the 
stator windings made of hollow conductors (water cooling) and 
the rotor windings with forced water cooling are described in the 
book. These are the first steps in a new field, and improve¬ 
ment will follow in the wake of experience gained. 

In the end, we consider it worthwhile to present some data 
regarding the cost of high capacity hydrogenerators, the labor 
consumption and the different operations. 

At the existing prices, the direct production wages account 
for about 3. 5% in the overall cost of manufacturing giant hydro- 
generators; materials cost about 78%, including the cost of 
electrotechnical steel (about 5%), copper (about 11%), and insu¬ 
lation material (over 3 0%) [8], 

Thus, the cost of insulation material is about twice that of 
active materials (copper and active steel). Structural mater¬ 
ials, mainly rolled ferrous metal, account for about half of the 
total cost of the materials. 
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Core assembly 


9 


Manufacture and laying of windings 2 8 


Fitting and assembling operations 


14 


Other operations: smithy plating, 
water supply, tin smithy, etc. 


3 


Total 


100 


It would be of interest to compare the weight and overall 
labor consumption for manufacturing turbogenerators and hydro- 
generators. Although the labor consumption per ton of hydro¬ 
generator weight is almost half that of turbogenerator, the labor 
consumed for a 1, 000 kw hydrogenerator is about 3. 6 times that 
of the turbogenerator. 
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CHAPTER I 


STATOR 


1.1 General Features 


In the case of large-size hydrogenerators with external 
frame diameter up to 20 m and height 3 to 4 m, stators are 
manufactured in several split parts (sectors) to facilitate trans¬ 
portation (Fig. 1.1). 



Fig. 1,1, Stator sectors ("sixths") of a large-size hydrogenerator with wind¬ 
ings laid in them. 


Of all the subassemblies of a hydrogenerator, the stator 
requires the longest production cycle. This is explained by the 
fact that the basic operations such as frame welding, assembling 
of active steel, and laying of winding bars are carried out in un¬ 
interrupted succession. 

All the stator elements may be divided into "design ele¬ 
ments" and "active elements". 
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Frame 1, joint plates 2, base plate 11, wedges 9 for fas¬ 
tening active steel, corfez r pAat&i} 1 0 with the help of which these 
wedges are welded to frhrrie Vh41 vfei) ring supporting the 

front parts of the winding (not shown in the figure), pressure 
racks 6, tension studs 8 and nut 7 belong to "design elements" 
(Fig. 1.2). 

90TAT2 

Electrotechnical steel segments and winding bars belong 
to "active elements". 

\ I . I 

1.2 Manufacturing technology of stator elements and subassemb¬ 

lies , -he 9 diiw atoi^tQtt&^othvd asie-agThl lo seno &di nl 

s>ib aioisls ,m b ol £ filgieri Bits m OS of qu leiarrtjsib 

- Stator: frame i$: the large st v^e.lcted subassemjbly P.f-at gene - 
rator and is meant for fixing the core and the (winding.: .^ofistiou 

The unwound stator of Bratsk HEP hydrogenerator has a 
welded frame of sheet steel (Fig. 1.2), four central shelves each 
30 mm thick, two end shelves each 40 mm thick (the lower shelf 
simultaneously serves to install the frame on the foundation) and 
upper flange with lugs of the upper spider fastened to them. 
Stiffener ribs and distance angles are welded between the frame 
shelves. The frame is closed by means of a 2 0 mm sheet steel 
cover plate along the external cylindrical surface. Hot air from 
the stator enters the cooler through windows between the sheets 
of the cover plate. 

Joint plates 2, welded to both sides of each sector, impart 
rigidity to the individual frame sector and connect them with one 
another; studs 3, fixed in the holes of these plates, tighten the 
sectors into a ring. Position of two adjacent sectors is fixed by 
means of several round pins placed along the plane of separation 
of the joint plates. 

The stator frame is usually divided into three parts along 
the height: central part corresponds to the height of the active 
steel core and the two end parts accommodate front portions of 
the winding. In a number of designs, for example in the Bratsk 
HEP hydrogenerator, the stator (Fig. 1.2) consists of only two 
parts along the height, namely the upper and the central parts, 
as the lower front portions of the winding extend outside the 
frame. t! _,_. . ... H ._ 
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Laying of active steel segments 


Fig. 1.2. Unwound stator of Bratsk HEP hydrogenerator. 

1 - stator frame; 2 - joint plates; 3 - tension stud with nut; 4 - ac¬ 
tive steel segment; 5 - centering pin of joint plate; € - upper and 
lower pressure racks; 7 - nut with tension stud; 8 - tension stud; 

9 - sector wedge (rib); 10 - corner plate; 11 - foundation plate; 

12 - foundation bolt with nut; 13 - centering pin; 14-21 —active 
steel segments. 

*EDD - Experimental Design Dimension. 
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Welding the Frame into a Ring : 

The welded frame is assembled from individual blanks, 
cut from thick sheet rolls of standard thickness, which do not 
require machining and are joined by welding. 

Blanks to be welded are cut by means of pruning shears 
moving along the guides on the sheet, or by means of gas-cutting 
machines. Higher cutting accuracy and labor productivity are 
achieved on gas-cutting copying machines. 

Blanks are bent on bending machines of varying capacity, 
depending upon thickness, length, and radius of curvature of the 
blanks. 

Several methods of assembling the blanks of split frames 
for welding are known. In the first method, known as "welding 
into a ring", internal and external shelves of the frame are laid 
out in the form of a ring, each of the shelves is welded sector - 
wise, and the frame is assembled from these sectors which are 
then welded. A circular marking corresponding to the internal 
diameter D of the lower stator hoop (Fig. 1. 3a) is made on a 
plate, prepared earlier and cleared of welding sparks and slag. 
The positions of sectors, approximately equal to each other 
along the chords, are also marked on the plate. Segments 'g 1 of 
the lower supporting hoop 1, chamfered earlier with an oxy- 
ace tylene flame, are then laid out into a ring along the marking. 
Chamfering is not done on the side of the end segments 1 f 1 , which 
are in contact with the frame joint. 

Having laid out the lower hoop, segments are tackwelded 
among themselves along the chamfers by means of electroweld¬ 
ing, whereas the junction places of the joint are connected to¬ 
gether with the help of temporarily welded technological planks 4 
(two on each weld); they should be so arranged along the internal 
and external cylindrical segment surfaces, that the tackweld 
does not extend beyond the end surfaces of the segments. 

A circular marking, corresponding to the external dia¬ 
meter Dj of the central shelf 2 of the frame, is made on the 
assembled and tackwelded lower hoop; as in the case of seg¬ 
ments of the lower hoop, segments of the first central shelf are 
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STATOR 



Fig. 1. 3 . Assembling and welding the statorf frame into a ring . 

I - lower supporting hoop; 2 - central shelves; 3 - upper support - 
mg hoop; 4 - technological planks; 5&6 - ribs; 7 - angle brackets; 

8 - cover plates; 9 - ribs; 10 -joint plates. 

laid out and tackwelded among themselves along this marking. 

As explained above, the junction places of the joint are also 
tackwelded by means of planks. 

All the central shelves are laid one above the other in the 
same manner; on the end shelf, a circle of diameter equal to the 
internal diameter D 2 of the segments of upper hoop 3 is marked 
The upper hoop is pack-assembled in the end. Its segments are 
also tackwelded among themselves. 

The subsequent operation of welding the segment along the 
chamfers is started from the upper ring. 

As the welding of the chamfers on sectors progresses, 
temporary connecting planks on the welds are chipped 


5 












ZUNDELEVICK fc PRUTKOVSKI1 


vidual welded sector segments are removed from, the packet, 
turned over and stacked for welding the chamfers from the other 
side; the lower frame hoop, which is laid first, is not removed 
and turned over. In this position the chamfer should be only 
partially welded till the deformed sectors are evened out; final 
welding should be carried out at the time of welding the assemb¬ 
led frame. 

Before starting to weld the lower hoop, it should be firmly 
fastened to the plate by means of special cramps and wedges, 
arranged along the external and internal markings in such a 
manner that they do not hinder the mounting of the components 
on the lower hoop during subsequent assembly. Yv hen the cham¬ 
fers are secured and welded, the places for mounting ribs 5 
(Fig. 1.3, b) on the lower hoop 1 are marked by means of a gage 
and the ribs are then tackwelded. With the help of brackets, 
the ribs are so mounted that they do not extend beyond the exter¬ 
nal diameter of the segment^and do not rest on the stator cover 
plate. 

Before mounting the central shelves on these ribs, it is 
essential to check their height above the bedplate. After posi¬ 
tioning the joints of the first shelf along the markings, they are 
tackwelded to the ribs by overhead welds; after this, the central 
shelf 2 is placed on the ribs 5 at a diameter Dj and tackwelded 
to the ribs 5 (Fig. 1.3, c). The places on the shelf for ribs 6 and 
supporting angle brackets are then marked by means of a tem¬ 
plate; ribs and supporting angle brackets are positioned and tack¬ 
welded to the shelf 2. Likewise all the central shelves are 
assembled in a sequence reverse to that of disassembling the 
packet. This is necessary in order to ensure that each sector 
shelf in the reversed position may lie at its place. In order to 
impart rigidity to the frame and to reduce welding deformations, 
two butt straps are welded on each of the joints. 


After checking the external diameter of the central shelves 
by means of a plumb and correcting their possible misalign¬ 
ment, the sheets of cover plate 8 are mounted along the mark¬ 
ings made earlier on the lower frame hoop and then tackwelded 
to the central shelves 2 and the lower hoop 1 (Fig. 1.3, d). 
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STATOR 

It should be borne in mine, that in order to reduce de¬ 
formations during welding, the cover plate should be adjusted to 
the central shelves with minimum clearances. 

After mounting the sheets of cover plates and after arrang¬ 
ing all the ribs 9 on the last central shelf, the upper hoop 3 is 
assembled and its external diameter is checked by means of a 
plumb and compared with the diameter of the lower hoop and 
only then it is tackwelded to the ribs and the cover plate by 
overhead weld. 

Positioning of lifting rods which pass through all the shelv¬ 
es is the last assembly operation before welding the frame and 
it is carried out with the help of a device that ensures vertical 
positioning of the rods. 

Before commencing the welding operation, normally 
carried out on a large scale, it is essential to provide rigidity 
to all the elements to reduce deformations. This is achieved by 
strengthening the basic tackwelds along the ribs between joints, 
bars and angle brackets. Special attention should be paid to 
overhead tackweldings, which have to be entrusted to the most 
skilled welder. 


The following order of welding operations ensures mini¬ 
mum deformation. The ribs between shelves and supports are 
welded in the lower position. Next, the bars are welded. Ribs 
are welded to the sheets of cover plates by vertical welds and 
then the cover plates are welded to the shelves. It is advantage¬ 
ous to carry out welding either by semiautomatic machines PSh-5 
under a layer of flux in an atmosphere of carbon dioxide (CO 2 ) or 
by similar machines of smaller size which provide easy maneu¬ 
verability under cramped conditions. It is advisable to weld 
longitudinal (circular) joints of the shelves with the cover plate 
in back-stepped order commencing at the middle of each sector 
and progressing towards its left and right. 

When all the joints in the lower position are welded, the 
sectors are unclamped, removed from the ring, and turned 
through 180°, After this, welding of individual parts of the 
frame is carried out in the same sequence as earlier. After 


7 





\ 

ZUNDELEVICH k PRUTKOVSKI1 


welding the lower joints, sectors are once again turned through 
90° (cover plate up). The sheets of the cover plates are welded 
to the upper ring and the lower hoop and chamfers between cover 
plates are rewelded in this very position (Fig. 1.4). 

Positioning of the joint plates 10 (see Fig. 1.3, e) is the 
last operation; for this purpose, welded frame sectors are 
placed in their initial positions along the marking on the assem¬ 
bly plate, recesses of the seats at the places of the joint are 
marked, and joint plates are placed there by maintaining their 
vertical position; the plates should be machined beforehand, 
fastened in pairs by means of bolts and fixed with dowel pins in 
the plane of the joints (position 5 in Fig. 1.2), and the joint 
plates are welded in the lower position immediately after arrang¬ 
ing them. 

Before dismantling the welded frame into individual 
sectors, each pair of plates (beams) is numbered 1-1, 2-2, 3t3, 
and so on. Numbering is necessary as the sectors are not in¬ 
terchangeable. Joint plates from the other side are similarly 



Fig. 1.4. Welding of frame cover plate to its shelves by semiautomatic 
machine PSh -5 under a layer of flux. 
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welded in the lower position after the sectors are turned through 
180°. 


The method of assembling and welding frames into a ring, 
described above, is employed in the fabrication of medium- 
capacity (and hence medium-size) generators in the case of uni¬ 
tary production. 

The necessity of manufacturing a large number of high- 
capacity hydrogenerators of the same type (for Volga and Bratsk 
HEP) without increasing the assembly floor area in the first 
phase led to the development of a new method, involving the 
assembly and partial welding of each frame sector in a special 
device. For mounting and welding the joint plates the sectors 
are subsequently assembled outside the device. 

The first such welding device was built at the "Elektrosila" 
factory for stators of Volga HEP hydrogenerators and had the 
following advantage s: 

1) additional floor area was not required for mounting the 
stator, since this operation could be carried out on the founda¬ 
tion after adjusting the device with the help of a level; 

2) quality and geometrical shape of welded sectors im¬ 
proved and welding time was shortened. 

Further improvement of the rigging led to the construction 
of an adjustable, universal device for welding frame sectors of 
different sizes. 

Welding the sectors in a universal device 

The universal device (Fig. 1,5) consists of three large 
welded columns 1, 2 and 3; each one is mounted on a movable 
base 10; the main rib 12 is welded to them and two auxiliary 
ribs 11 are welded to their sides, A special replaceable plate 
-- template 13 -- whose bracket is made according to the actual 
dimensions, number and position of the shelves in the sectors is 
mounted on the front side of the main rib and fastened by bolts 
16. Special rests 8 fixing the lateral positions of each frame 
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Fig. 1.5. Universal device far assembling and welding sectors of a stator 
frame. 

1,2,3 - columns; 4 - planks; 5 - plate; 6 - rails; 7 - lightening 
planks; 8 - rest; 9 - rollers; 10 - movable base; 11 - auxiliary 
rib; 12 ~ main rib; 13 - plate (template); 14 - sector shelf -gage, 
15 - special plank with marking; 16 - fastening bolts. 
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View A 
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View C 


View D 
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shelf are welded to the template. The base 10 mounted on 
rollers serves the purpose of a trolley and permits radial move¬ 
ment of the columns along rails 6. The rails are welded to the 
plate 5 fastened to the stand plate by planks 4, 

Stands are adjusted in any of the radial positions by bolts 
and planks 7. A special plank 15, provided with a notch for 
making a radial mark by means of a plumb for trimming the 
frame shelf under joint plates, iB welded to the base 10 of 
column 1. 

Columns 1, 2 and 3 can move radially along the rails 6 
within a limit of 2, 5 m, and thus, make it possible to weld sec¬ 
tors with diameter up to 5 m. For welding sectors of larger or 
smaller diameters, the columns 1, 2 and 3 together with the plate 
5 are moved radially through the required distance and are 
clamped. For changing over from welding of 60° sectors to weld¬ 
ing of 90° sectors, i. e. , from "sixths" to "quarters", stands 1 
and 3 are turned relative to the stand 2 through a corresponding 
angle a, 

A number of preliminary operations are carried out before 
adjusting the stands for the purpose of assembling and welding 
stator sectors of any particular hydrogenerator; special temp¬ 
lates 13 are first fastened to the ribs 12 by bolts and vertical 
distances from the plate to the lower bracket of each template 
are checked for uniformity to ensure horizontality of shelves. 

The shelf 14, marked earlier and trimmed along the external 
surface and the ends, is laid on any one row of brackets and as 
in the case of adjustment by a gage, it is positioned in such a 
way that if the columns 1, 2 and 3 are mounted correctly, their 
brackets would be situated along the external radius of curvature 
of the shelf-gage. This is done by moving each of the stands and 
the trolley 10 on the rails till their corresponding template sur¬ 
faces come closely in contact with the external shelf surface. In 
this position, each one of the trolleys 10 is fastened to the plate 
5 by planks 7 and the plate 5 in its own turn is fastened to the 
stand plates. Finally, by moving the shelf-gage to the rest 8 of 
the template 13 of the extreme column 3, the mark is transferred 
to the plank 15 of the other extreme column 1 for subsequently 
marking and trimming the ends of frame shelves at the welding 
places of the joint plates. These shelves are welded beforehand 
on a special plate (Fig. 1.6). 
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Fig. 1. 6. Plate for assembling and welding the stator frame shelves. 

1 - plate; 2 - fixer; 3 - segments; 4 - wedges; 5 - pivot pin; 6 - flux 
cushion; 7 - cramp. 

Each of the stator frame shelves consists of three segments 
3 cut on the gas-cutting automatic machine according to a copy¬ 
ing template. As seen from the figure, these segments are 
placed on a special plate and moved, along their external cylind¬ 
rical surface, close to the plate fixers 2. Segments are joined 
with a clearance of 5-8 mm on flux cushions and tightened to the 
plate by means of pivot pins 5 and wedges 4. The flux is packed 
in the clearance between the joints, whereas flux-retaining 
cramps 7 are mounted near the beginning and the end of the joint. 

Welding is carried out in the following order [Fig. 1.7). 
frame 3 along with automatic welding machine 4 (ADS-1000) is 
mounted on the joint of segment 1 laid on plate 2; after checking 
the correct position of the automatic machine and positioning if 
at the start of the seam, the electrode is moved to touch the seg¬ 
ment; the throttle valve is opened to allow the flux to flow under 
gravity from the bunker 5; the welding transformer and the auto¬ 
matic drive are switched on and welding is commenced. 

When the welding of joints and segments from one side is 
over, the shelf is turned through 180°, the joint root is cleanea 
by a pneumatic cutter and then all the operations regarding posi¬ 
tioning and fixing of the segment frames and the automatic ma¬ 
chine are repeated and welding of segments in one run from t e 
other side is started. 
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Fig. 1 . 7. Device for automatic ivelding of the segments of stator frame 
shelves under a layer of flux. 

A 20-25 mm thick central frame-shelf is welded in one run 
along the entire depth. The shelves are welded on one plate 
(Fig. 1,6), which ensures a continuous operation of two assembly 
devices (Fig. 1.5). This plate is also suitable for welding the 
sectors of different external diameters; for this purpose, it is 
sufficient to transfer the fixing dowels (positions 2 and 5 in 
Fig. 1.6) to new holes drilled in the plates. 

Farts of an individual frame sector are assembled in. the 
following order (Fig. 1.5): after placing the lower supporting 
hoop on the lower brackets, it is first moved along the ends to 
the rest of the column 3 and then along the external cylindrical 
surface, to rest on the rear bracket walls of columns 1, 2 and 
3, and then tightened to the brackets by a special supporting jack, 
thus eliminating undulations in shelves. After arranging the 
angle brackets and ribs with the help of special templates, and 
tackwelding them to the lower shelf, the first central shelf of 
the sector is laid, after tackwelding it at the bottom to the angle 
brackets and the ribs. When all the sector shelves are joined 
in this manner, the sheets of the cover plate are mounted and 
tackwelded to the sector shelves. When this operation is over, 
the ends of the shelf segments hanging from the bracket of the 
left column 1 are trimmed along the markings made on the device 
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(Fig. 1.8) and the joint plates are then set and tackwelded to the 
right end of the sector and connected in pairs by bolts. All the 
joints of the lower position are welded without removing the 
sector from the stand and without removing the jacks; all the 
remaining joints are welded after the sector is removed from the 
device and turned over. 



Fig. 1. 8. Trimming the ends of shelves of the stator frame sector. 


In view of the fact that the pair of joint plates fastened by 
bolts is welded in the device to one of the sector ends, all the 
sectors are assembled into a ring in order to adjust and weld 
one of the (external) plates to the end of the adjacent sector, 
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If the frame is placed on the face plate of a turret lathe, 
its machining involves undercutting of the external surfaces of 
the upper and the lower hoops (flanges) as well as the external 
surfaces of the upper and the lower shelves which support the 
pressure rack, and chiseling of the shelves. 

The chiseling of shelves on a turret lathe (or their trimm¬ 
ing by gas-oxygen flame) is essential for the following reasons: 
the tension studs S pass through the ring space K (Fig. l.Z) bet¬ 
ween the internal shelf surface and stator core; a reduction in 
the diameter of internal shelf may block the tension studs, where¬ 
as an increase may lead to a reduction in the base area of the 
corner plate 10 on the shelves, thereby reducing the length of 
their joints with the frame shelves, 

/ 

Majority of hydrogenerator manufacturing factories do not 
possess special turret lathes to cut and turn the stator frame 
shelves having core diameter greater than 7 to 8 m. As a result, 
the frame shelves of high capacity hydrogenerators are trimmed 
by gas-cutting flames along the marking. Moreover, the frame 
design, the technology and the rigging employed should provide, 
without necessity for machining, the arrangement (positioning) 
of the wedges and assembly of the core with required accuracy. 

Joint plate and foundation plate: 

The joint plates of the frame (Fig. 1,9) should be prepared 
firest of all, as they are required for welding the frame into a 
ring. 

Machining of the plates includes several operations; 

1) planing of the joint plane; 

2) drilling of through-holes for tension studs (in two plates, 
placed one above the other); 

3} drilling of holes for centering pins 5 in the plane of the 
joint of two plates fastened by bolts. 

It may be borne in mind that, drilling of through-holes, of 
diameter 70 mm and more, in joint plates may be replaced by 
well-arranged gas cutting (provided the plate thickness does not 
exceed the hole diameter). The same gas-cutting method may be 
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Fig. 1.9. Joint plate of the Bratsk HEP hydrogenerator stator frame (in 
assembly). 

1 - tension stud; 2 - nut; 3 & 4 - joint plates; 5 - pins. 

employed in place of drilling for making through-holes in the 
lower supporting hoops of sectors for bolts, fixing them to the 
foundation plates 11 (Fig. 1.2). 

In large hydrogenerators with the upper spider having 
radially arranged lugs, the number of plates corresponds to that 
of the spider lugs in such a manner that the foundation plate lies 
under each lug. 

For better utilization of assembly floor area, it is appro¬ 
priate to combine the machining of the base plate 11 with that of 
the lower supporting hoop under the pin 13 in the sector support¬ 
ing the hoop after welding a number of segments together, instead 
of machining in the frame assembled into a ring, or in each of 
the sectors. This operation is executed as follows (Fig, 1. 10). 

On the stand area are installed and fastened two stub poles 4 to 
which two lower hoops (flanges) 1 of the stator sectors with 
attached bed plates 2 are fed with the help of the traveling crane 
and these hoops are fastened by bolts and plates to the post. A 
portable drilling machine is employed for alternate drilling and 
running down of 55 mm diameter holes for pins. 

Wedges for fastening the core-: 

The core segments are provided with slots along the outer 
periphery and with the help of these slots the segments are strung 
to the wedges fixed to the st§|or frame (position 9, Fig; 1.2). 
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Fig. 1.10. Drilling and fixing the foundation plate to the lower supporting 
stator hoop by pins. 

1 - lower supporting hoop; 2 - foundation plates; 3 - bolt; 4 - stub 
pole; a - hoop segment. 


Machining of wedges consists of the following operations: 


1- Milling of wedge blank faces to the required longitudinal 
dimension; 

2. Fine-planing of face planes to the final dimension 
(height) of 48 mm (first milling operation Fig. 1. 11); 

3. Planing of dovetail joint in the lateral surfaces to di¬ 
mensions 26 x 13 mm (second milling operation); 

4. Fine-machining of the dovetail and inclined surfaces 
be (third milling operation); 

5. Cutting of splines. 


The wedge is machined on planers by clamping the blanks 
in a special device (Fig. 1. 11) consisting of a plate 5, about 3 m 
long, with planks 2 and lugs 1 welded to it for fixing the plates 
to the planing table. Two tempered strips 6 are fixed to the 
lateral faces of the plate; right-angled hold-downs 8 are fastened 
to them and supported by their lateral sides. Seven, uniformly 
spaced holes are drilled along the longitudinal plate axis, and 
rods 12, connected to the plungers 4 of diaphragm-action pneu¬ 
matic cylinders 3 are placed in each of the holes. On the upper 
parts of these rods, two-sided wedges 10, closely in contact 
with clamps 9 lying freely on the plate, are fastened by means 
of nuts 11. 
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Fig. 1.11. Pneumatic clamping device for planing stator wedges. 

To facilitate the self-adjustment of wedges 10 in the correct 
operating position, the nuts 11 have spherical faces and rest on 
spherical washers 13. 

While adjusting the device, hold-downs 8 of width a are 
mounted and secured on strips 6 and wedge blanks are positioned 
flush with the hold-downs on the same strips. 
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While planing small wedges, a number of wedges may be 
placed in a row along the length to utilize the entire working 
surface of the device. 


While planing small wedges, if the entire length of the 
device is not used, some of the pneumatic cylinders may be 
switched off; the device is designed in such a way that air is 
supplied continuously in three cylinders (no. 1,2,3) and the re¬ 
maining four cylinders (no. 4 to 7) can be disconnected from the 
supply by cock"14. 

Air is supplied to the cylinders by turning the handle of the 
cock 7. Consequently, plungers 4 with rods 12 and wedges 10 
move downwards, shifting the clamps 9 horizontally. As such', 
the stator wedge blanks are fed to the right and to the left up to 
the stop in the hold-down 8 and thus they are clamped in the 
device. 

On completion of the planing operation, the cylinders are 
connected to atmosphere by reversing the cock 7, as a result of 
which the force imthe spring 15 lifts the wedges 10 together with 
rods 12 and plungers 4. In the same manner, the clamps 9 re¬ 
turn to their initial position under the action of springs (lateraL 
ones, not shown in figure) and release the stator wedges. 

During the first and second planing operations, the blanks 
are fastened -- one on each side of the device and simul¬ 
taneously hold-downs 8 of corresponding width are mounted. 


During the first operation planing is carried out by two 
slides in such a way that each one may machine the blanks fixed 
on one side. 

While performing the second planing operation, the slides 
are likewise placed one on each side and by placing two cutters 
on a special holder in each of the slides, the two blanks are 
machined simultaneously. 

At the time of the third operation, the wedge blank is fixed 
only on one side of the device and a false blank having the same 
width as that of the actual blank is placed on the other side, for 
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the entire planing period. Machining is carried out simulta¬ 
neously by two slides inclined at 30° to the vertical. 

The width a of interchangeable hold-downs 8 is determined 
on the basis of the device dimensions (AB = 432 mm and CD = 
186 mm) and the thickness d of the wedge blank to be machined 
by the following equation: 

AB - CD j 


The compressive force of each cylinder on the rod 12 is 
2630 kG and the force on the clamps 9 is 5260 kG. 

Eyebolts, not shown in the figure, are incorporated in the 
device to facilitate its transportation. 

The dovetail of a machined wedge is checked by a special 
template with a probe {Fig. 1.12). 

The profiles a and b of the template serve to check the left 
and the right lateral surfaces of the dovetail of the wedge success 
sively. The groove c of the template 1, cut as per the maximum 
dimensions of the dovetail, is meant for checking the finished 
wedge. Unhampered passage of the template groove over the 
wedge confirms that the wedge profile is within the upper limit 
of deviation. To check the lower limit, the template with groove 
c is slipped over the wedge and the probe 2 is placed between 
the groove and the inclined sides of the wedge at different places 
along its length. In case of correct machining of the dovetail, 
the probe should only ' bite". 

When planing is completed, slots (splines) 1.5 to 3 mm wide 
are cut on the wedge at a distance of 400-500 mm from each 
other and inclined at an angle of 70° to the vertical (position 9, 
Fig 1.2). The slots serve only a technological purpose. On 
account of these, the segment, at the time of core assembly, is 
slipped over the wedge not at the upper end, but is placed m the 
nearest cut and subsequently moved through an apprecia y 
smaller distance (400 - 5 00 mm) than the overall wedge length 

(1500 - 2000 mm). 

Splines are normally cut manually by fitters by means of 
hack saws. 
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At **••“*.* the "Elektrosila" factory, the splines in 
or wedges of hydro- and turbogenerators and large synchro¬ 
nous machines are cut with the help of a simple transportable 
mechanical device, which raises the labor productivity several 

‘ ’ ,® h , 3 th f work of tubers and fitters, and improves the 

quality of the product. v 


The device is shown in Fig. 1. 13; the base 16 of a slider 
with a dovetail-shaped guide groove is fastened to plate 2 by 
bolts. The slider 15 moves along the guide of the base by means 
of a screw 17 having a star wheel 1. A plate 19 for fixing a 
0. 8-1. 0 kw, 2000 rpm motor 3 is mounted on this slide. By 
adjusting the hinged screw with two nuts 18, the plate 19 may be 
fixed in different positions to regulate the tension in the V-belt 
5. The spindle rotates on the ball bearing inside the spindle 
head 8 which is mounted on the bracket 9 fixed on the slider. 

A 150 to 175 mm diameter synthetic corrundum abrasive disc 11 
(cutting surface 1.5 to 2 mm wide) is slipped on the conical end 
of the spindle and fastened by a nut. 

A special casing 10 is attached to the spindle head for 
shielding the operators from accidental breaking of the abrasive 
discs. The V-belt 5 and the pulleys 4 and 6 are also enclosed in 
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Fig. 1.13. Device far cutting splines in stator wedges. 
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the feed of the slider with the spindly head 8. The abrasive disc 
enters the wedge and cuts the splines at; an angle. On attaining 
the desired depth, the disc is brought tb its initial position by 
rotating the star wheel 1 in the reverse direction rapidly. The 
motor is switched off, the star wheels with screws 14 are loosen¬ 
ed, the stator wedge is moved to the next marking and all the 
operations are repeated. 

tsmrtoo ■ o •.$««.!'5 sVolfi ■■t^jv-.oo \o ^wova\ - $ -staSft ttm'roa - « 


The average time taken by a worker to cut three splines on 
a stator Wedge of the Bratsk HEP hydrogenerator including the 
time required for mounting the wedge on the device and remov¬ 
ing it from the device is 3 to 4 minutes. Nine to ten abrasive 
discs are required to machine 100 wedges. 

Corner plates of wedges: 

S*ri 5 BfiiB 3ri3T Oit lU^Jbl 31 £ N 3;^ ■■ Q S' c 


As was mentioned earlier, corner plates (position 10, 
Fig. 1. 2) are the intermediate parts by means of which the 
wedges are fastened to the stator shelves. 


An angle is the simplest and the most economical shape of 
a corner plate; however, it is suitable only for stators of small 
machines. For a long time, the same purpose was served by a 
massive triangular prism manufactured by cutting a 120 mm bar 
from a 100 x 100 mm steel roll and splitting it into two halves 
along the diagonal by an oxygen-gas flame. Such a corner plate 
consumed too much metal and considerable heat was necessary 
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to weld it to the wedge and the shelf ; resulting in deformation of 
the wedge. Therefore, at present, hollow stamped light corner 
plates are used in all the hydrogenerators manufactured by the 
"Elektrosila" factory (Fig. 1. 14, a). 


Thickness 8 



Fig.l. 14. Wedge comer plate. 

a - comer plate ; b - layout of comer plate blank; c - corner plate 
blank. 

Lower portions of two lateral parallel walls and one rear 
wall serve as bearing planes of the corner plates. The latter 
are mounted on the frame shelf along these planes. The right- 
angled rear portion of the stator wedge enters the corner plate 
groove abed and the wedge is welded to the lateral sides of the 
corner plate in a direction perpendicular to the bearing planes. 
These planes are arcwelded to the shelves after adjusting the 
wedges (see ^ 2.4). 

Manufacture of corner plates consists of the following 
operations; 

1. Cutting 191 mm wide strips from 8 mm thick sheet 
(Fig. 1. 14, b). 

2. Cutting down the strips into blanks (Fig. 1. 14, c). 

3. Bending the blanks in a die to give them the final shape 
(Fig. 1.14, a). 
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Fig. 1. 15 shows the die for bending the work pieces 9 of 
the corner plates. It consists of a base plate 1, base 2 and 
counter die 5. On both the sides of the counter die, two blocks 
3 are placed to which cleats 4 with prismatic cavities are fas¬ 
tened by bolts; oblong grooves in the cleats 4 permit the adjust¬ 
ment of their relative position. The upper plate 6 with a right- 
angled punch 7 moves along two guide columns 10 mounted on the 
base 2; special grooves in the plate serve to fix it to the press. 
The corner plate workpiece 9 is placed on the counter die and 
the stands by positioning it with the help of the right-angle cavi¬ 
ties in the cleats. The corner plate 8 is prepared in one run, 
by dropping the upper plate 6 with the punch 7. 


4 




Fig. 1.15. Die for bending the corner plate. 

While mounting the corner plates on a horizontal plane, 
their bearing surfaces should remain closely in contact with the 
plane: the maximum permissible clearance at any point on the 
perimeter of the corner plate is 1 mm. 


25 






































ZUNDELEVICH fit PRUTKOVSKH 


Pressure racks are spaced along the entire circle of the 
stator core, a+ the top and the bottom (position 6, Fig. 1.2); 
each rack consists of a thick steel plane with 5-8 compression 
pegs welded to it. The pressure racks must compress the core 
after pressing with the help of tension studs 8, and hinder the 
end-packet teeth from being damaged. 

Each of the plates 3 of the pressure rack shown in Fig. 

1. 16 possesses two 50 mm diameter through-holes for tension 
studs and threaded holes of two sizes Ml6 and M3 0. 

Bolts M30, screwed in holes of the compressing plate 
(Fig. 1.2), act as squeezing bolts. They serve as fulcrum for 
the rack, serving in its turn as a lever, to which the tension 
acting in the studs is applied. Besides, at the beginning of 
assembly operation, these bolts situated on the lower pressure 
racks permit the fixing of the horizontal positions of the bearing 
planes of all the stator racks at equal distances from the assem¬ 
bly plate. 

Bolts Ml6 (one on each plate) are meant for clamping the 
brackets of tire segments to the stator. 

The entire machining operation of the plates consists in 
drilling holes and threading. Normally each plate has to be 
secured and considerable time is required in mounting and chang¬ 
ing the tools, viz. the 50 mm drill, 14 mm drill (for Ml 6), 18 mm 
drill (for countersinking of holes), tap Ml6, 32 mm drill and 
tap M30 . 

In order to reduce the auxiliary time spent in drilling 
plates 3, a device consisting of a welded frame of channels 5 
and angles 4, to which are welded guide planks 1 and 2 with lugs 
(Fig. 1. 16), was prepared at the "Elektrosila" factory. The 
distance (365 mm) between the bearing planes of the planks was 
so chosen that the plates could move freely but did not rotate; 
the depth of the lugs on the planks was somewhat greater than 
their thickness. Holes on the plates are marked by means of a 
template placed along the outline. 

The plates are stacked in the device either manually or 
with the help of a special hoisting device near the radial drilling 
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Fig. 1 . 16 . Device for drilling holes and cutting threads in plates of pressure 
racks. 

machine. Only four plates in a row, i. e. , sixteen plates, are 
placed (since a large number of grooves in the device or a large 
number of plates placed in one row hampers a worker in having 
access to them). 

The blocks are not secured in this device; they are wedged 
into the groove, after being moved through a few millimeters at 
the beginning of drilling. The holes are drilled and threaded as 
follows: after fixing a drill, say of 50 mm in diameter, in the 
machine spindle, the operator drills holes in all the plates; then, 
by fixing the next tool, he carries out the next operation on all 
the plates. 

On account of the above mentioned device in which 16 plates 
can be machined in a batch, the auxiliary time required for fix¬ 
ing and changing one set of tools referred to one plate is reduced 
by 16 times as compared to the auxiliary time required for 
machining the plates individually. 

The compression pegs should be placed radially, equi¬ 
distant from each other, In full conformity with the teeth posi¬ 
tions on active steel segments (Fig. 1.2) supporting the pegs. 
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In order to achieve this, the assembly and the tackwelding of the 
pegs to the blocks (for subsequent welding) is carried out in a 
special assembly jig which may be of either two types: the 
receiving or the superposed type. 


In the case of light pressure racks (weighing up to 2 0 kg), 
the worker faces no difficulties in placing the plate in a receiving - 
type jig and in removing the plate from the jig after tackwelding 
the pegs. 

As the pressure racks of large generators weigh up to 
60-70 kg, a superposed-type jig (Fig. 1. 17) is used in this case. 
Here the plates are arranged close to each other on the assembly 
areas by means of cranes or other hoisting devices. Holding the 
jig (weighing not more than 12 kg) by handles 5, the worker places 
it on block 8 and by rotating the star wheels 10 and 11 adjusts the 
jig in such a position that two mutually perpendicular faces of the 




Fig. 1.17. Jig for tackwelding the pins to pressure rack plates. 
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block rest on the arm ab of ribs 6 and on the end of the adjusting 
bolt 12 respectively and the plane be of the ribs 6 lies on the plate. 
Plank 3 is then placed in the recess defg of the vertical shelves 
of angles 2; compression pegs 7 of the racks are placed in the 
right-angled groove of two parallel planks 1 and 9 and moved 
forward to the atop in plank 4, Consequently, the plank 3 supports 
the pegs 7 and prevents them from sagging. When the pegs 7 are 
tackwelded to the plate 8, the star wheels 10 and 11 are loosened, 
the plank 3 is removed and the device is taken away from the 
pressure rack. After this, the pegs are finally welded to the 
plate. 


Milling of the bearing surfaces of compression pegs of the 
rack is the final operation. 

II 

Tension studs and nuts: 


A large number of nuts and bolts (up to 13 00), especially, 
large tension studs within the range M3 6 to M42, are required 
for assembling the parts and components of each hydrogenerator. 
The studs for rotor rim and pole cores are manufactured by the 
wire-drawing method, within prescribed allowances. In order to 
facilitate stud-mounting while assembling a unit, a smooth threads 
to-rod transition should be ensured; curvature of the studs for 
lengths up to 1.5 m should not exceed 1 mm per meter, and for 
lengths greater than 1.5 m it should not exceed 0. 5 mm per meter. 
Stator tension studs may be manufactured from hot-rolled 
material. 

As the electric machine manufacturing factories normally 
do not have special machine tools for manufacturing the above 
types of studs and nuts, they are manufactured on universal 
lathes. Turning operation itself is not very arduous but a lot of 
time is taken up by the physically heavy work of twofold lay in g 
of stud blanks weighing up to 35 kg in the lathe. 

A special device (Fig. 1.18) was introduced at the "Elek- 
trosila" factory to lighten the burden of the machine operator. 

In the device, measured stud blanks are mechanically fed from a 
bunker into a hollow lathe spindle and threaded studs are removed 
likewise from it and fed into another bunker [5], 
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Fig. 1.18. Stud-feeding device on a lathe. 


In the case of large nuts (M36 and above), the nut blanks 
are prepared not from round rolled material, but from forgings, 
whose sides have been shaped finally to the dimensions of a 
wrench and whose central holes have an allowance for the con¬ 
cluding fine-machining. Changeover from a rolled blank to a 
forged one reduced the material and the labor consumed. 


Bandage rings: 

The bandage rings 1 and 7 (Fig. 1. 19, a and b) are posi¬ 
tioned at both ends of the stator (top and bottom) and are intended 
for fixing the front portions of the windings. 

In split stators, the bandage rings are made up of several 
segments. In the Bratsk HEP hydrogenerator for example, the 
segments consist of arcs of profile steel cuttings 1 and 7, corres¬ 
ponding to one sixth of stator circumference and brackets 2 and 
7 and bushings 8 welded to them. 


The blanks for rings are obtained from a square rod 25 x25 
mm bent into a circle of a suitable radius (11570/2 or 13550/2) 
on a special machine (different diameters are due to unequal 
overhangs of winding bars on the top and the bottom). While 
bending, the square face of the ring should be placed at an angle 
of 10 - 15°, corresponding to the inclinations of front portions of 
the winding at the place of mounting the ring. 
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Assembly, fastening, and welding the brackets 2 and 6 to 
steel rings 1 and 7 may be carried out in three ways. 

First method: 


After pressing, the active steel brackets 2 are brought to 
the respective blocks of the upper and the lower pressure racks 
of each sector; segments of ring 1 are then placed on them and 
by adjusting the position of its various points against each bracket 
to the dimension of 2 75 mm from the upper core and 2 75 mm 
from the internal bore of active steel, ring 1 is fastened to the 
brackets by iron clamps and tackwelded. Joints of the ring are 
then marked and cut (markings should be done 10 mm away from 
the separation places of the joint). 

The remaining bandage-ring segments are positioned in the 
same manner, with the difference that each end of the following 
ring on the side of the segment fixed earlier is positioned 10 mm 
away from the separation of joint plates. 

After bolting the two bushings 8 along with 5-6 mm pack¬ 
ing laid between them, they are systematically placed on the seg¬ 
ment joints (Fig. 1.19, unit II), fastened by iron clamps and 
tackwelded to the ring. Then the segments are marked with the 
stator-sector number and the word "Top"; tension studs are re¬ 
moved from the bushings, brackets are unfastened from the 
plates, segments are taken away and the brackets and bushings 
tackwelded earlier are welded to the ring. 

Steel segment blanks, freed from slag and welding sparks, 
go for insulation and subsequent compounding and only when these 
operations are over, they are mounted on the stator according to 
the markings. The lower bandage rings are prepared in the same 
manner, but under more difficult conditions. 

The above method is suitable for manufacture of unitary 
hydrogenerators. Its advantage is that it does not require any 
special rigging. The following are, however, the disadvantages 
of the method: 

1. Arduous working conditions (at heights and in very low posi¬ 
tions) and consequently an increase in expenditure of labor. 
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Upper ring 


lower ring 


Fig. 1.19. Segments of a bandage ring. 

a - top and bottom views; b - side view. 

1 - upper segment arc; 2 ~ bracket; 3 - upper pressure rack; 

4 - stator core; 5 - lower pressure rack; 6 - bracket of lower seg¬ 
ment; 7 - lower segment arc; 8 - segment bushings . 


2. Forced delay in sending the ready stator for laying the 

windings due to the bandage rings undergoing insulation and 
c ompounding. 


Second Method (Fig. 1.20, a): 

In this method, the bandage ring segments are prepared in 
advance, independent of the stator preparation, on a collapsible 
stand in the following sequence of operations: a circle of diameter 
equal to the internal diameter (11, 000 mm) of active steel is 
marked on the portions of the assembly plate corresponding to 
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one stator sector. Three to four layers of active steel segments 
are placed along the marking (with joint overlapping each other). 
Only those pressure racks (2, 5, 9, 13 and 16) are placed on 
segments which have threaded holes for fixing the brackets. The 
bearing planes of plate pegs are then horizontally positioned by 
bolts 5. 

Pressure racks are then fixed to the plate by means of bolts 
and planks. Brackets 4 are bolted to the rack plate; steel seg¬ 
ment 3 of the bandage ring is then placed on the bracket, adjusted 
relative to the internal radius and the height, and tackwelded to 
the brackets. Then, the ring faces are marked 10 mm away 
from the.joints of active steel, and superfluous material at the 
end is cut by gas-oxygen flame, and after detaching it from the 
pressure racks, the ring segment is sent for welding. After 
dressing and cleaning the segments, they are insulated and com¬ 
pounded. The bandage-ring segments are thus insulated prior to 
being mounted on the prepared stator. 

In the case of the second (and also the third) method, the 
bandage-ring bushings are welded by means of a Special template 
after mounting the bandage- ring segments on the prepared sector 
(Chapter 2). To prepare the lower bandage rings, it is necessary 
to mount the lower brackets 6 in place of the upper brackets 2 
(Fig. 1.19) after placing the active steel and pressure racks in 
the previous position. 

Then, the lower bandage-ring segments are placed on the 
brackets and are checked as per prescribed dimensions (height 
and internal diameter of active steel). Further operations are 
similar to those in the first method. 

The second method is less arduous. Anadditionaladvantage 
of this method is that the bandage-ring segments are interchange¬ 
able. 

Third method : 

In the case of series production of hydrogenerators, a 
special device (Fig. 1, 20, b) is used for mounting, fastening, and 
welding the bandage ring to the brackets. The base of the device 
is a welded frame 7 whose dimensions encompass a 60°- sector. 
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Planks 3, 5 and 9 are welded to its top; their numbers and posi¬ 
tions correspond to the position of press racks to which the 
bandage-ring brackets are fastened. Lower planks, 2, 4 and 8 
are welded to impart rigidity to the device and they simultaneously 
serve as bearing planes. 


The device was intended for manufacturing upper and lower- 
stator bandage-rings of the Bratsk HEP hydrogenerator. Work¬ 
ing drawings showing the position of the bandage rings and their 
fastenings to the pressure racks (Fig. 1. 19) served as the basic 
data for designing the device. 


There are three holes on each of the upper planks, two of 
them (denoted by a) are equal in diameter and the third one is a 
threaded hole (b). 

On the left of Fig. 1.20, b is shown the adjustment of the 
device for manufacturing the upper bandage rings. Here the 
cylindrical stop rods 1 are placed in the left through-holes whose 
axes are situated at a distance of radius R = 5 775 + 30 + 20 = 

5 825 mm from the stator center, where 5 775 is the internal dia¬ 
meter of upper bandage ring; the width of 25 x 25 mm bandage 
ring turned through an angle of 14° is 3 0 mm, and the radius 
(d/2) of stop rod 1 is 20 mm. 


When the device is adjusted for manufacturing the upper 
bandage rings, the right through-holes a in the planks intended 
for stop rods of the lower bandage rings are free. The threaded 
holes b on the same planks serve to fasten the brackets and their 
axes are situated at a distance ^ _ P i + £ -t- X t + <1^, ^ rom 
the center (Fig. 1.20, b) 2 

where - radius of the stator bore (5,5 00 mm); 

2 

Ji - distance from the bore circumference to the ends 
of pressure rack pegs and equal to 18 mm; 

- overhang of the pegs from the front end of the com¬ 
pression plate of the rack equal to 245 mm; 
t - distance from the thread-hole axis to the front end 
of pressure rack plate equal to 110 mm. 
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Hence: 

R = 5500 + 18 + 245 + 110 = 5873 mm. 

On the right of Fig. 1.20, b is shown the adjustment of the 
device for manufacturing the lower bandage ring. Of the two 
through-holes a of each upper block of the device, the left one is 
t free, whereas in the right hole, whose axis is 5835 mm (5785 + 

30 + 20) away from the center, a cylindrical rod 1 is inserted 
and secured. Since all the brackets are at the same distance 
from the center, the threaded holes are situated at the same 
position. 


On the right and the left portions of the device, two radia, T 
symmetrical lines at 3 0° to the vertical axis are marked, and 
the angle 6 is placed on each of them to mark the ends of the 
bandage ring for cutting. 


Upper segments of the bandage rings are prepared in the 
following order: stop rods 1 are placed in the left holes of all the 
plates of the device and fastened by means of washer 12 and nut 
13. Brackets 11 of the upper bandage ring are fixed by threaded 
holes of the same plates by fastening .screws 14. They are then 
turned anticlockwise till they touch the stop rods 1. Having thus 
fixed the radial positions of the brackets, they are finally fastened 
by screws 14. Corresponding segments of the bandage ring 10 
are then stacked closely to the rods 1 on brackets 11, fastened to 
the brackets by clamps and tackwelded. Finally, they are posi¬ 
tioned along the angles 6 and 10 mm thick strip of the segment 
and the lines along which cutting is to be done are marked along 
the ends. When this is done, the clamps are removed, screws 
14 are unscrewed and the bandage-ring segment is rempved from 
the device. The tackwelded ends are then welded and the ends 
are cut along the marking. 

To prepare the lower bandage rings, stop rods 1 should be 
rearranged in the right holes of planks, as pointed out earlier, 
and all operations should be carried out in the same manner by 
using the parts of the lower bandage ring. 
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1 • 3. Design of active-steel segments and technology of their 
manufacture 


Segment design: 


Stator cores of large hydrogenerators are assembled from 
individual segments made by cold-stamping method. 

The number of core slots, internal and external core dia¬ 
meters and also the number of segments forming a close core 
are determined during the electrical design of the generator. 
Possibility of splitting the stator into sectors, as well as the 
rational cut-out of steel sheets are simultaneously taken into 
account. 

The segments may be of the following types; main, auxi¬ 
liary, end and ventilation segments. 


Main segments constitute 90% of total segments stacked in 
the core and are shown in Fig. 1.21,a. Along the internal arc, 
they possess rectangular slots for the winding. Triangular 
notches along the longer slot sides are meant for wedges that 
hold the windings in the slot. The dovetail grooves along the 
outer arc are intended for securing the segments to the stator 
wedges. 

The auxiliary segment (Fig. 1.21, b) is about half the main 
segment in area and central angle (in case of even number of 
grooves) or is greater than it by one groove (in case of odd num¬ 
ber of grooves). In some cases, auxiliary segments may have 
dimensions differing greatly from those of main segments. 

One layer of segments is overlapped by another layer 
(overlapping of joints) and active steel of one sector is assembled 
with the help of the auxiliary segments (see the layout of seg¬ 
ments of the main and end packets of 1st, 2nd and 3rd lugs in 
Fig. 1.2). 

End segments (positions 14-19, Fig. 1.2) are necessary 
for preparing the step core. 
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Fig, 1.21. Active-steel stator segments, 
a - main; b -auxiliary. 

Ventilation segments (Fig. 1.22) provide canals between 
the core packets. The air passing through these canals cools 

the stator. 

Segments are prepared from electrical steel normally 
0.5 mm thick (e. g. from steels E43AP, E330P, as per GOST 
802*58). 

Manufacturing technology o f segments: 

The distinctive feature of the technology of segment stamp¬ 
ing originates from the fact, that their shape, dimensions, and 
manufacturing accuracy should, during assembly, ensure the 
inside and outside stator core diameters, inside width and depth 
of slots for the windings, and shape and.position of the grooves 
for fastening the segments as specified in the drawing. 

For manufacturing unitary hydrogenerators, only one die 
is made for main segments; auxiliary segments are obtained by 
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a - main; b - auxiliary. 

splitting the main segments into two parts. Likewise, the end 
segments are made from the main segments by cutting the teeth 
along the circle of greater radius. Here too, the making of a 
separate die for ventilation segments is economically not justi¬ 
fied, and hence they are prepared by welding braces to the main 
and auxiliary segments. 


Absence of dies for auxiliary and ventilation segments 
increases the amount of finishing work during stator assembly 
by 2 0%, since 

(a) inaccuracy in splitting up the segment into two parts leads 
to the formation of "combs" at the sector joints, which have to 

be removed either by filing them off or grinding them by abrasive 
wheels; 

(b) welding the braces to ventilation segments gives rise to 
their deformations and consequently, at the time of core assem¬ 
bly - ! individual teeth partially move into the slots meant for wind¬ 
ing. To eliminate this, the teeth extending to the slots have to 
be filed off. This is a laborius operation and results in short- 
circuiting between segments,thus causing local heating. 

In case of stators of such hydrogenerators, for example 
those of Volga and Bratsk HEP, which are series-produced, 
making of separate dies for auxiliary and ventilation segments 
is economically justified. In this case, the segments are design¬ 
ed with slots widened and deepened radially towards the back by 
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2 to 3 mm thus obviating the necessity of filing the slots of the 
assembled core. 


While working out the process of stamping the segments, 
consideration must be given to the fact that its cost is low {about 
10%), as compared to that of the segment material and the die. 
Hence, besides making dies of high durability, attention must 
also be paid to better utilization of the material. Tens and 
hundreds of tons of electrical steel sheets are consumed in the 
manufacture of high capacity hydrogenerators. For example, 
the stator of Bratsk HEP hydrogenerator requires about 3 00 tons 
of steel. 

Depending on the nature of production, the technological 
process of preparing main, auxiliary and end segments may be 
classified as shown in Table 1.1. 


Table 1. 1 


Technological process of manufacturing the segments 


Number Applicability 


Fart 

of opera 
lions 

- Operation 

Equipment 

Instrument 

of the pro¬ 
cess 

Main segment 

i 

Stamping of seg¬ 
ment for one run 
of the press 

Crank press 

Block stamp 

Individual 
and series 
productions 


2 

Removal of burr 

Bur r - remov¬ 
ing machine 

Abrasive 

wheels 



3 

Varnishing the 
segment 

Varnishing 

machine 

Varnishing 

rollers 


Auxiliary seg¬ 
ment 

(sectional) 

- 1 

Stamping of the 
main segment 
for one run of 
the press 

Crankpress 

Block stamp 

Individual 

production 


2 

Cutting the main 
segment into two 
parts for one run 
of the press 

Eccentric 

press 

Stamp shears 



Contd. 
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Part 

Number 
of opera¬ 
tions 

- Operation 

Equipment 

Instrument 

Applicability 
of the pro¬ 
cess 

Auxiliary Beg 
ment 

(sectional} 

. 3 

4 

Removal of burr 

Varnishing the 
segment 

Burr-remov¬ 
ing machine 

Varnishing 

machine 

Abrasive 

wheel 

Varnishing 

rollers 


Auxiliary aeg 

ment 

(whole) 

- 1 

Stamping of two 
auxiliary seg¬ 
ments for one 
run of press 

Crank press 

Double block 

Mass pro¬ 
duction 


2 

Removal ofburr 

Burr-remov¬ 
ing machine 

Abrasive 

wheels 



3 

Varnishing the 
segment 

Varnishing 

machine 

Varnishing 

roller 


End segment 

1 

Stamping of main 
segment for one 
run of the press 

Crank press 

Block stamp 

Individual 
and mass 
production 


2 

Chipping off the 
main segment 
along the internal 
radius 

Eccentric 

press 

Chipping 

stamp 



3 

Removal of burr 

Burr * re¬ 
moving 
machine 

Abrasive 

wheels 



4 

Varnishing the 
segment 

Varnishing 

machine 

Varnishing 

rollers 


♦Ventilation 

segments 

1 

Stamping of the 
segment for one 
run of the press 

Crank press 

Block stamp 
with widened 
groove 

Maas pro¬ 
duction 


2 

Removal of burr 

Burr- 
re moving 
machine 

Abrasive 

wheels 



3 Welding of braces Spotwelding 

machine 

4 Varnishing the Varnish Manual 

s egment bath imxne r ® ion 

*In case of Individual production, stamp of the main ■ egment is used for the 
manufacture of ventilation segments- 
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While choosing the press for stamping, consideration should 
be given not only to the force, which is 100-150 tons for hydro¬ 
generator segments, but also to the press-table dimensions so 
that it may be easy to install the press and to work on it. The 
arc-frame press is the most suitable press for stamping the 
segments considered here. 

A combined die, whose counter die is shown in Fig. 1.23, a 
and punch, in Fig. 1. 23, b, is used for stamping the main segment 
of the active steel. The die consists of a lower base 1 of the 
counter die and an upper base 14 of the punch. Four guide 
columns 2 with a taper of 1:10 enter the corresponding holes of 
the lower base and are fastened therein by nuts. Four guide 
bushings 15 are pressed in the upper base to get a tight fit of 
second class of accuracy. The mating bushings and the guide 
columns give rise to a slip fit of first class of accuracy (GOST 
7713-55). An assembly counter die, consisting of bed 3 with 
various steel sections mounted on it (sections 4, 7 and 9 of the 
external band and section 13 of the internal band), punches 12 
(6 for right-angled and dovetail slots) and lateral sections 10 and 
11, is fastened to the lower base. 

Segments are removed from the counter die by a tripper 5 
activated by spiral springs 8. The overall force of the tripper 
is 6 to 8% of the stamping force. 

An assembling punch consisting of bed 17 with various steel 
sections on it (i. e. , sections of external band 18, 19 and 20; 
lateral sections 25, 23 and 21; and sections 24 of slot bottom) is 
fixed to the upper base 14. The scrap is removed by the exter¬ 
nal tripper 16 and the probe tripper 22 placed in the slots and 
activated by spiral springs. 

The force required by the probe tripper should be 5 to 8% 
of the stamping force along slot contour, and the force required 
by the external tripper is 3 to 5 % of stamping force along the 
external contour. 

The use of spring-activated pushers and trippers is con¬ 
ducive to the increase in efficiency of stamping operation, since 
the chips in the scrap are pressed partially after the stamping 
operation and at the beginning of the upward stroke of the press 
slider. 
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When the worker removes the scrap from the die, the 
chips are simultaneously withdrawn from the plane of the counter 
die and they fall on the press table. 


If the chips in the scrap are not pressed, time is wasted 
in removing the chips and scrap separately. 

The degree of pressing the chips in the scrap is regulated 
by lowering or raising the tripper and the pusher over the plane 
of the punch steel or the counter die. 

Since the material being stamped is high-alloy electrical 
steel having high hardness and brittleness, the die is subjected 
to intensive wear and sharp torn edges are formed on the seg¬ 
ments undergoing stamping. Hence, in order to increase the 
durability of the die, the punch and the counter die are prepared 
from steels Khl2, U12, 6KhVS and are heat-treated to hardness 
HRC = 57-60. 

The normal durability of such dies is 20, 000 punchings 
from one grinding to the next grinding or 600, 000 punchings till 
the complete wear of the die. 

Before sending the segments for preparing the core, their 
shape, geometrical dimensions and relative location of individual 
elements of the segment are checked. 

Burr -removal and varnishing the segments: 

The stator segments obtained by cold stamping have burrs 
along their contour. 

Initially the segments come out of the die with a clean sur¬ 
face, but with the passage of time, burrs are formed on the por¬ 
tions where the cutting edges are blunted and at the places where 
clearances between the punch and the counter die increase. 

The burrs are harmful as their sharp edges lead to short- 
circuits in the assembled core. They cause increased heating 
of active steel which, in turn, might damage the core and the 
winding. 


t 
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Burrs are removed by special burr-removing machines. 

Size of the burrs is estimated by visual inspection or by 
feeling them with fingers. Along the stamped segment, they 
should not exceed 0. 02 mm, which is the limiting size that can 

be felt by the finger nail by moving from the segment center to 
the edge. 

The segments are given a coating of oil-resin or bitumen - 
oil-resin hot (fire) drying varnishes on a varnishing machine. • 
Burrs, scales, cinders, oil and rust, etc. should first be re¬ 
moved from the surface to be varnished, as the varnish does not 
stick to them. 

The varnish film provides good insulation to the segment 
on the surface and at the edges. It is elastic, durable and with¬ 
stands corrosion; the heat stability of varnish coating is 13 0 to 
140°C. 

Absence of burrs, accuracy of varnishing, and the ohmic 
resistance is checked before finally sending the segments for 
making the core. 

1.4. Technology of manufacturing rods of water-cooled wind¬ 

ings 

Stators of modern hydrogenerators have single-layer or 
double-layer wave windings formed by individual rods soldered 
together after being laid in stator slots. 

Each rod is made of copper wires of small section. The 
wires in the rod are arranged in two rows along the width and 
transposed among themselves to lower the eddy current losses. 

In case of normal water-cooling, the rods of the stator 
windings are prepared from winding wire of the type PDA or 
PSD (GOST 7019-54); normally, the winding is double-layered 
i. e, , there are two bars in each slot along the height. 

Owing to an increase in the capacity of hydrogenerators 
and the introduction of water cooling of stator windings, the de¬ 
sign of wicker bars has changed considerably, and they are, in 
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such cases, made of hollow copper conductors in conjunction 
with solid ones. 


Computational and design considerations indicate that for 
high-capacity, water-cooled hydrogenerators, the single-layei 
winding which has a number of advantages over the double-layer 
winding commonly employed in hydrogenerators, is the most 
rational type of stator winding. The main advantages of single - 
layer winding are its stability under short-circuit conditions and 
its economy in insulation and space in the slot, together with a 
reduction in its height [18]. 

Table 1.2 shows the basic dimensions of non-insulated 
stator conductors in a number of water- and air-cooled hydro- 
generators. 

Since the fabrication of normal air-cooled double-layer 
conductors is explained in detail in the literature, only the manu 
facture of conductors with direct water-cooling is described 

below. 


Design of conductor bars shown in Fig. 1.24 would be 
briefly discussed in the beginning. In a single-layer winding 
the even conductors play the role of upper conductors of the 
double-layer winding, whereas the odd ones play that of the 
lower ones. In other words, the single-layer winding may be 
looked upon as a double-layer winding with half the number of 

slots. 


The bar 5, provisionally called the upper bar and specially 
the bar 1, provisionally called the lower bar, have quite compli¬ 
cated front shapes. The conductor ends are soldered to copper 
tips 2 prepared by precision casting. The leads 3 of the tips are 
meant for conducting the current and connecting the bars with 
each other. The connecting pipes 4 are meant for feeding the 
cooling water to the bars. They are made of stainless steel and 
are soldered to the tips by solder KMTs-3-1 (GOST 5222-50). in 
a medium of argon. 

It should be borne in mind that the design of the tips shown 
in Fig. 1.24 is not the only one. There are also tips which are 
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Table 1.2 


Dimensions oi nonin sulated stator conductors of hydrogenerator s 





Conductor data 



Capacity 
of the 
genera¬ 
tor, 

thousand 

kw 

Number 
of con¬ 
ductors 
in the 
machine 

length Over- 
of slot all 
por - length, 
tion, mm 

mm 

Width, 

mm 

height,weight; Remarks 
mm kg 

57 

600 

1, 65 0 

2,427 

13. 2 

61. 8 

19. 5 


100 

1,512 

1, 700 

2,459 

12. 2 

5 9-0 

18. 0 

Air cool¬ 
ing 

225 

1, 008 

2, 500 

3,480 

14. 0 

92. 5 

47. 5 


100 

726 

1, 300 

2, 139 

19. 2 

78. 0 

30. 5 

Water 

cooling 

500 

576 

1, 750 

2, 615 

20. 1 

111.0 

64. 2 



prepared in one piece with the connecting pipes and then machin¬ 
ed. In the same figure is also shown a section of the bar at the 
slot and front portions, where hollow conductors 6 alternate 
with solid ones 7. 

The conductor insulation 8 and its dimensions, depending 
on the operating voltage, are tabulated in the first part of this 
book "Turbogenerators" (Table 4.2). 

Bars are made by first cutting the conductors of fixed 
length. Before cutting them, the mechanical properties of the 
hollow copper and the passage of the canals are tested at a 
pressure of 70 kG/cm . 

The conductors are cut and the ends are simultaneously 
cleaned on a program-controlled copper cutting machine de- 
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Part A 


Fig. 1,24. Conductors of stator winding. 

signed and introduced at the "Elektrosila" factory (see "Turbo- 
generators", £ 4.1). 

Fig. 1.25 shows a wicker bar (overall length X - 2000 
3 000 mm), consisting of 14 hollow and 18 solid conductors. 

Their design and manufacture are similar to those of the turbo¬ 
generator stator winding. It should, however, be noted that on 
account of comparatively smaller length of the slot { L 
175 0 mm) in the bar and large number of elementary conductors 
(at times even 6 0) in it, the wicker pitch t is about 3 0 mm which 
makes the manufacture of the bar fairly difficult. Therefore, 
immediately after wickering, the bars are pressed 2 mm shorter 
than the height shown in the drawing. This levels up the bars 
and the places where the conductors are shifted from one half 
bar to the other half. The shifting places should be carefully 
insulated to avoid short-circuiting of elementary conductors. 

After insulating and smoothing out the transition portions, 
the rods are pressed for the second time on hydraulic presses. 
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Fig. 1.25. Wicker conductor. 

1,4 -asbestos packing; 2 - micanite packing; 3 - hollow conductor; 

5 - solid conductor. 

In order to achieve the drawing dimensions of the bars, 
the latter are stacked in a special press form (Fig. 1.26) which 
is mounted on the base 6 of the press between the heaters 4 and 
8. The bars 2 to be pressed are placed in between lateral 
planks 3, supporting planks 7 and central T-shaped planks 5. 

The upper plank 1 is the heaviest, since it transmits pressure 
P on the press levels uniformly along the bar length. Correctly 
chosen dimensions of the press form ensure dimensions of bar 
sections as per drawing. 

Basic dimensions A, B, C, and D of the press form (Fig. 

1. 26), chosen according to width b and height h of the bar are 
given below (Fig. 1.24): 

A = b, B = h, rounded towards lesser side to a whole num¬ 
ber or to 0.5 mm, 

C = B + 10 mm. D = B + 10 + 30 mm. 

The press form should be 10 mm longer than the straight 
portions of the bar. The remaining dimensions are shown in 
Fig. 1.26. 
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Fig. 1.26. Press form for bars. 

1 - upper strip; 2 - &«rs; 3 - lateral strips; 4 - press plate; 

5 - central plank; 6 - lower press plate; 7 - intermediate plank; 

8 - lateral press plate. 



Fig. 1.27. Apparatus for testing short-circuits in the bars. 
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When the bar height h is more than 55 mm, only two bars, 
in place of three, are stacked in the press form. 

After pressing the bars, they are tested to check the short- 
circuiting between half bars and elementary conductors, on an 
apparatus shown in Fig. 1.27. Bars are placed on the stand, 
and the conductor ends, cleared of insulation, are placed in rack 
packets with copper contacts connected to the panel of the rig 
through switches. Every two adjacent conductors are tested at 
220 volt A. C. by turning the switch handle in stages. A red sig¬ 
nal lamp on the panel lights up in case of a short-circuit between 
elementary conductors. After finding out the presence of a 
short-circuit between the conductors, its location is detected. 

For this purpose, a special instrument IMZ -- short-circuit 
detector --is used at "Elektrosila" factory (see "Turbogene¬ 
rators", 4. 1). 

An impulse generator supplies a high impulse voltage to 
the ends of the elementary conductors having short-circuits. 

The current passing through the conductors to the place of short- 
circuit creates an electromagnetic field around them that ex¬ 
cites an e.m. f. in an inductive transducer placed perpendicular 
to the conductors. The transducer e.m. f. is amplified by a 
special attachment having a pointer-type output indicator. The 
indication on the transducer does not change when it is moved 
along the wire up to the place of short-circuit. As soon as it is 
crossed, the electromagnetic field disappears and the pointer 
indicates zero reading. After locating the place of short-circuit, 
a micanite packing is placedbetween the conductor s and the test 
is repeated at 220 v. 

The bars are prepared on special hydraulic devices. Two 
devices -- one for the upper and the other for lower bars -- are 
used for making the windings. 

Fig. 1.28 shows the device to make the lower bars 1 shown 
in Fig, 1.24. It consists of heads 1 and 13 joined by planks 8. 

The position of the bar in the device is adjusted by the pressing 
planks 9 with the help of eccentric clamps 10. The bars are 
bent at a radius of 60 mm in the vertical plane by means of 
thrust planks 6 that transmit the required force from a hydraulic 
cylinder 7 through the push rod 4 and lever 3, The bar is bent 
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Fiy. 2. 28 , Device for making the bars. 
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at a radius of 50 mm in a horizontal plane around a mandrel by 
detachable levers 12 activated by a swivel hydraulic cylinder 14. 
When the bar ends are cut by means of a portable disc-saw, 
collapsible portions 2 and 11 of the heads 1 and 13 are removed 
by rotating them about the axis 5 and in their place the device 
for positioning the tips on the bar and fixing their position (not 
shown in figure) is mounted. Hydraulic drives of the template 
operate from a 40 kG/cm^ oil pressure line. 


Introduction of hydraulic devices and mechanization of the 
bar-forming process significantly improved their forms and 
facilitated to obtain approximately the same dimensions as shown 
m the drawing. When the bar ends are cut off, the holes of the 
hollow tubes appear to be partially rolled. For this reason, the 
outlet hole of each tube is calibrated by means of a conical right - 
angle gage. Compressed air at a pressure of 4 gage atmos¬ 
pheres is blown through each of the hollow conductors for clean¬ 
ing them. 

Tip 2, soldered to the bar, is shown in Fig. 1.24 (unit A). 
Soldering, which has to be of very high quality, is arduous on 
account of the fact that the soldered zone must be absolutely 
hermetic and at the same time, the holes of hollow conductors 
should not be closed by the solder. As is evident from the 
figure, the solid conductors are cut 10 mm shorter than the 
hollow ones, which reduces the possibility of the solder leaking 
into the canal. Before slipping the tips on to the bars for sol¬ 
dering, their surfaces are pickled in an acid whereas the con¬ 
ductors surfaces are carefully cleaned and degreased. 

Tips are soldered to the bars by solder FSr-15 on an over¬ 
head spotwelding machine MTPG-15 0, manufactured by the 
Elektrik" factory, with the help of special pincers with carbon 
electrodes. 

The bars with the soldered tips are tested for hydraulic 
resistance and mechanical strength on a special test bench which 
is shown and described in the first part - "Turbogenerator", 

§ 4.1. 

In order to impart rigidity and firmness to the front por¬ 
tions of the bar by joining the conductors to each other, these 
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portions are coated with bakelite varnish and wrapped with surgi¬ 
cal tape soaked in paraffin to avoid its adhesion to the bar. When 
these operations are over, the rods are arranged in the device 
(Fig. 1.28) for the second time and the front portions are care¬ 
fully dressed and clamped by levers 12 and 15. The steam main 
is switched on to the connecting pipe and by releasing steam 
through the hollow conductors, the bars are baked for 1-1.5 hrs 
at 150-160°C. Bakelite varnish polymerizes and the conductors 
are joined together. After the bars are baked, they are once 
again tested for mechanical strength and hydraulic resistance. 

The body of the stator windings,consisting of bars, is insu¬ 
lated by 0. 13 mm thick mica tape LMCh-1 (GOST 4268-48) 
wound on the bars with layers partly overlapping each other. In 
view of the fact, that it is essential to wind more than six layers 
of mica tape in the case of hydrogenerator stator windings with 
operating voltage of more than 3. 6 kv and that the number of 
layers increases with an increase in the voltage, the insulation 
as well as compounding is carried out in several stages. At the 
end of every stage of the insulation process, the bars are 
wrapped in a layer of temporary surgical tape covering one third 
of the bar length and compounded in accordance with the operat¬ 
ing schedule given in the first part of the present work "Turbo¬ 
generators", § 4.1, Table 4.4, process II. 

The body of the stator windings,consisting of bars / is insu¬ 
lated on an insulation machine l^Sh. 5 worked out at the "Elek- 
trosila" factory. The general view of the machine is shown in 
Fig. 1.29. 

Insulation is carried out as per the master form situated 
in the horizontal plane of the machine. Configuration of the bars 
permits the use of a plane master form simplifying the design 
of the machine and the insulation process itself. The master 
form is made up of several parts: front insertions, slot inser¬ 
tions and intermediate radial and detachable insertions. Such 
a master form has the shape and dimensions of the bar. The 
bar is fastened at its end to the fork of end supports 1 and is 
supported by two bar holders 3 on a trues 4. Four winding 
heads are secured on the rosette of the insulation carriage 2: 
two heads are meant for laying the mica tape and the remaining 
two are meant for wrapping the bars in the temporary surgical 
tape. 
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Fig. 1 . 29. Machine LSh -5 for mechanical insulation of bars of stator windings. 


The mica-tape rolls are slipped over the spool of the wind¬ 
ing head and pressed along the axis by end brakes. In order to 
ensure a close laying of the insulation, the brake force of the 
spool is controlled by a spring-loaded screw. While laying the 
insulation on the straight bar portions, the carriage has a reci¬ 
procating motion. As soon as it reaches the bar-holder 3, the 
latter opens automatically to permit the carriage and then 
closes and continues supporting the bar. While moving over 
from the slot portions to the front portions, the carriage moves 
along the radial insertions in the master form with a constant 
velocity, thus laying the mica tape with a constant pitch along 
the entire bar. A rack which meshes with the driving pinion of 
the carriage, moving it along the bar, is clamped along the 
entire length of the master form. 

Mica-tape insulation is laid simultaneously by two winding 
heads. The carriage is automatically switched off at the end of 
the working stroke. At the end of one insulation stage, the bars 
are temporarily wrapped with the surgical tape. 

It should, however, be noted that mechanized laying of 
insulation on single-layer windings is very laborious due to the 
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complicated shape of the windings. Before compounding the 
bars, r -shaped metallic racks are fastened to the slot por¬ 
tions to prevent deformation of the bars. Compounding is 
carried out in a special frame; bars are stacked in series in 
the plane of the wider side along the height and the intermediate 
racks are placed in between them. Front bar portions rest on 
the frame stand and are fastened to them. 

On completion of the last compounding, the surgical tape 
is removed from the bar and the residues of the compounding 
material removed. The bar tips are cleared of bitumen by a 
pneumatic blower ShR-06 with metallic brushes mounted on its 
shaft. Contacts of the cleaned tips are tinned in a bath with 
solder FOS-61. Finally, the insulated bars are once again 
tested for mechanical strength and hydraulic resistance. 

Sectional dimensions of the slot portions of the bars are 
checked by vernier calipers or reference gages and compared 
with the drawing dimensions. 

In order to eliminate the corona discharges in slot and 
adjacent portions, a semiconducting coating is applied to the 
stator windings having a voltage of 6. 3 kv and more. For this 
purpose, the straight bar portion is coated with semiconducting 
varnish having a specific resistance of 10 -10 ohms, along a 
length, 80-100 mm more than that of the active steel and is 
covered with a layer of 0. 5 mm thick asbestos tape. Front 
portions are coated with semiconducting varnish having a speci¬ 
fic surface resistance of 10^-10® ohms and covered with a layer 
of 0. 2 mm glass tape. After this, the slot and the front por¬ 
tions are once again coated with appropriate varnishes with an 
overlap of 20-30 mm. 

A semiconducting glass tape L.SK-5 (TU 011-503056-54) 
of length 85-100 mm is laid at the transitions from slots to the 
front portions on rods of hydrogenerators with an operating 
voltage of 13, 8 kv or more. 

After drying the semiconducting coatings, the bars are 
tested for electrical insulating strength and dielectric losses. 
For this, the bar 2 is placed on a special T-shaped metallic 
electrode 3 (Fig. 1.3 0) and covered from above with a flexible 
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Fig. 1. SO. Testing of conductors for electrical strength. 

4 - J in^lItfl eCtr0de; 2 ' conductor ' 3 ~ Jsteped electrode ; 

metallic electrode 1 consisting of individual links. The width 
h of contact surface of the upper and lower electrodes should 
not be less than the bar height while the length of each electrode 
should be equal to that of the straight bar portions. 

Tests of conductors for electrical insulating strength and 
dielectric losses are carried out as per manufacturers' stan¬ 
dards. 

After testing, the bars are sent to the assembly shop for 
laying in the stator. 
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CHAPTER II 


STATOR CORE ASSEMBLY AND WINDING 


2. 1 Technical requisites of compiled stators: 

The basic requirements imposed on compiled split stators 
of existing design (Fig, 1.2) are: 

1. close contact of stators along joint plates (beams); 

2. exact mounting of wedges to ensure internal core dia¬ 
meter within prescribed tolerances and to avert forma¬ 
tion of "waves" in active steel packets; 

3. close contact of active steel segments on sector joints; 

4. compactness of compiled core packets at different 
points along the circumference and at sector joints; 

5. slot width "in light" and core height not exceeding the 
permissible limits given in the drawing; 

6. absence of "racks" in the slots along the internal sur¬ 
face and the joints, 

2.2 Fundamentals of active steel segmentation: 

The segments of active steel should be economical and 
technologically feasible. 

A design of segments is said to be economical if their 
stamping can be carried out with standardized electrical steel 
sheets with minimum wastage. 

It is considered to be technologically feasible if the seg¬ 
ments can be stacked on any of the sides during core assembly 
i. e. if they are not required to be turned around. 
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As a rule, the main stator segments of active steel are 
threaded on to equispaced wedges by two dovetail slots, whereas 
the auxiliary ones are threaded by one slot. Here, the segment 
joints of each row should be displaced relative to those of the 
following row stacked over it. Overlapping of the joints is 
achieved in the following manner: in case of an even number of 
slots m in basic segments, auxiliary segments with half the 
number of slots (Fig. 2. 1, a) are employed, whereas in 
case of an odd number of slots mj, auxiliary segments with 
mj - 1 and + 1 slots (Fig. 2. 1, b) are laid. 

2 2 

The stator core of Bratsk HEP hydrogenerator has the 
following design dimensions: 

external diameter of active steel segment D = 11,900 mm 

number of slots of segments in the whole z = 504 
circle 

number of stator sectors p = 6 

number of sector slots z m A9-1L = 84 

P 6 

For cutting the 75 0 x 15 00 mm sheets in a better way, the 
stator of the above generator is segmented on the basis of new 
conditions: 

a) displacement of one layer of segments relative to the ad¬ 
jacent one may be different from half the number of slots in the 
basic segment; 

b) pitch of the wedges may not be the same along the entire 
periphery; it may be less for the end wedges on the sector joints 

This made it possible to place eight basic segments with 
ten slots in each and one auxiliary segment with four slots in 
the sector (Fig. 2. 1, c, d). 

Active-steel stator segment of Bratsk HEP hydrogenerator 
is shown in Fig. 2. 1, c. In order to facilitate their laying, sec¬ 
tor wedges should be located uniformly with a large pitch (five 
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slot divisions), excepting the end wedges which are situated at 
a smaller pitch (four slot divisions) between themselves and at 
two slot divisions from the joint. 

The new segment positions facilitate cutting the sheet 
more rationally but complicate the active steel assembly. Ac¬ 
tually, it is obvious from the drawing of the main segment that 
the distance between the wedges is equal to five slot divisions. 
Nonsymmetric situation of fastening slots in the basic segments 
'makes it imperative to stack them in a definite order. Thus, 
during active steel assembly, if the laying of first, third and all 
other odd rows is started from the basic segments 1, then the 
latter may be inserted in the joint only from the side a and the 
row is completed with an auxiliary segment 2. To achieve the 
overlapping of segment joints of the second and all subsequent 
even rows, it is essential to stack first the auxiliary segment 2 
and then the basic segments 1 by positioning them to the auxi¬ 
liary .segment only on side c. From this it follows that while 
assembling half of all the segments, it becomes necessary to 
turn them over, which tires the worker and lowers hie efficiency. 

In order to ensure normal assembly conditions without 
being required to turn over the segments, auxiliary slots D are 
provided in them. These slots are located in such a way that, 
on both the left and the right portions of the segment, there are 
two fastening slots at a distance of two and three slot (right- 
angled) divisions on each side (Fig. 2.1, d). As a result, a 
symmetrical segment which can be placed in any row of any 
slot is obtained, i. e. , the necessity of turning it over is elimi¬ 
nated. 

2. 3 Assembly of sectors into a ring and installation of columns 

and pin gage 

The welded body is assembled from individual sectors 
(half, quarter, one-sixth rings). Joint plates (beams) are weld¬ 
ed to both the sides of each sector. The outer circle of the 
lower flange and the sector joint lines are marked before mount¬ 
ing the frame on the assembly plate. If the design is such that 
the flange and the lower shelf are at the same level, the frame 
is mounted on supporting pedestals. The latter are to be so 
placed that they do not hamper the mounting of pressure racks 
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For 1st, 3rd, 5th and 



a - even number of slots in main segments with wedges situated at equal pitches; 
segments with wedges situated at equal pitches; 1 - main segment; 2 - auxiliary 

with wedges situated at unequal pitches; 
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For 1 st, 3rd, 


5 th 


JfOWg 


and 


steel segment. 

1 - main segment; 2 - auxiliary segment; b - odd number of slots in main 
segment; c,d ~ arbitrary (even or odd) number of slots in main segments 
1 - main segment; 2 - auxiliary segment. 
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and thit each Bcctor rests on one pedestal in the middle and on 
half the pedestal along the joints. 

The frame is assembled in the form of a ring (Fig. 2.2), 
in accordance with the markings on the sectors and the plates, 
by placing dowel pins in the corresponding holes of the joint 
plates and 0.5-1. 0 mm steel packings along the contact planes. 
The steel packings are removed after assembling the structure 
and also after dismantling the stator into sectors. Sectors are 
assembled into a stator ring, without packings, at the site and 
consequently, the joints are tightened more closely. 

As the joining of sectors in transition holes of the joint 
plates progresses, tension studs are placed and nuts are gra¬ 
dually tightened on them. After mounting the last sector, the 
nuts on all the studs are finally tightened. 

Hundreds of length measurements of the order of 6-9 mm 
with an accuracy of 0. 1 mm are taken while assembling the 
stator of large hydrogenerators. In order to raise the accuracy 
of these measurements and to facilitate and accelerate the 
measuring operations, a mechanized column (Fig. 2.3) has been 
designed and is in use for the past many years at the "Electro- 
sila" factory. 

A massive base 14 of the column keeps a cylindrical stand 
3 of 190 mm diameter in vertical position. Regulating bolts 16 
resting on the lower plank 15 provide the necessary adjustment 
to maintain the vertical position. The deviation of the stand 3 
from the vertical should not be more than 0. 2 mm per meter. 

A girder 5 with an overhang of 4 m is fixed to the stand. On 
account of the two radial bearings and one thrust bearing, motor 
2 and worm gear drive 4, the girder can turn about the stand 
and can also move up and down along the stand. A distance 
support 13 is suspended from the bottom of the girder. An 
I-section beam 11 is fastened to the girder by means of special 
clamps 6. 

The distance support and the beam can be moved along the 
girder either towards the stand or away from it. On moving the 
stand and the beam to the center, the column becomes suitable 
f,, r a stator of diameter up to 8 m and when they are moved out 


66 




STATOR CORE ASSEMBLY AND WINDING 



Fig. 2.2 . Stator frame assembled into a ring for compiling the active steel. 



Fig. 2.3. Mechanized column. 


towards the periphery, the column can take up a stator of fairly 
large diameter -- up to 19-5 tn. The operating tool 12 is 
fastened to the beam 11 by means of two collars 7. The column 
is balanced by a counter-weight 1 weighing 135 kg. 

Such an arrangement imparts universality to the column. 
It can be used not only for taking measurements, but also for 
some other jobs. It can be very suitably used for marking the 
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frame shelves prior to gas-cutting. For this purpose, a tube 
10 with one end towards the support 13 and the other end holding 
a marking needle 9 fastened by screw 8 is suspended from the 
beam 11 hanging under the girder 5. By rotating the girder 
along with the beam, the tube and the needle about the stand 3, 
a circular mark or a mark for gas cutting may be made in a 
few minutes on frame shelves. Manual execution of this opera¬ 
tion is time-consuming and does not ensure the accuracy obtain¬ 
ed by using this column. 

Since the frames of large hydrogenerators are not sub¬ 
jected to turning and boring operations, the column may also be 
used for cutting the shelves. For this purpose, it is necessary 
to replace the marking needle by a gas cutter. A circular cut 
can be easily achieved by turning the girder along with the beam, 
tube and cutter about the stand. It effects considerable economy 
in labor and is extremely important since it is necessary for 
the worker to move as much as 250 m along with the cutter for 
cutting the frame shelves of large hydrogenerators. In the pre- 
- sent case, the shelf is cut with a much higher degree of accuracy 
than that achieved in the case of manual cutting. The higher 
degree of accuracy, in its own turn, facilitates mounting of the 

wedges. 

For measurements on a stator, as mentioned above, a 
cigar-shaped pin gage 12 is suspended from the beam 11 by 
means of two collars 7 (Fig. 2.3). Frame 4 (Fig. 2.4) of the 
pin gage consists of joints of a number of turncated cones made 
of 0. 5 to 0. 8 mm thick steel. For greater rigidity, it is 
strengthened by four lengthwise stiffener ribs along the generat¬ 
ing cone and by 2 mm thick ring-shaped washers at the joint. 

A bushing 3 is welded to the left end of the hollow body 4, and a 
tip is screwed in the bushing and fastened by nut 2. A hollow 
bushing 6 is welded to the right end and a telescopic rod of 
length 800 mm is placed in it; the head of an ordinary micro¬ 
meter 9 (25-50 mm) with a tip 1 0 is then pressed into the hole 

of the rod. 

A special part 5, preventing the rod from warping while 
tightening the screws 7, is placed in the bushing 6 for fixing the 
position of the telescopic rod. A window with 0-10 mm mark¬ 
ings on it is milled in the bushing for insertion of the pin gage. 
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The latter may be placed along these markings even when the 
accuracy of the measurement is + 1*0 mm. 

For measuring large lengths, six types of pin gages 
measuring from 4, 000 to 8, ZOO mm with intervals of 700 mm 
are used at the "Elektrosila" factory. 

The column is placed inside the frame, tentatively in the 
position of the stator axis, and is centered by the frame joint 
plates. This operation {Fig. 2.5) is performed as under; strings 
are stretched along every two diametrically opposite joints, 
consequently, in a frame of six sectors, there would be three 
strings which, intersecting near the theoretical stator axis, 
form a triangle 1, 2, 3. From the approximate center 0 of this 
triangle, a plumb is suspended on the assembly plate. The 
plumb point, where it just touches the plate, determines the 
stator centerjand a circle, with a diameter 100 mm greater than 
that of the cylindrical base of the marking column, is drawn on 
the plate. After this operation, the position of the column rela¬ 
tive to this circle as well as the verticality of the cylindrical 
rod of the column are checked. Permissible deviation from the 
vertical, checked by a level, should not exceed 0.2 mm per 
meter. 

2.4 Arranging ("adjusting") the wedges 

Preliminary work and the templates used : 

A high accuracy in the arrangement of the wedges along the 
pitch and the diameter increases the efficiency of the fitters, 
lowers the amount of local "ripples" and "racks", minimizes 
the deviation of the core diameter from the prescribed diameter 
at various points and hence reduces the variations in the air gap 
of the generator. Core assembly cannot improve its shape which 
depends on the wedge arrangement. For this reason, all the 
operations concerning the core arrangement should be carried 
out very carefully. 

As pointed out earlier, the wedges are fastened to the 
shelves by means of an intermediate element, viz. , the corner 
plates (position 10, Fig. 1.2). Consequently, a number of opera, 
tions precede the wedge arrangement. 
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Fig. 2. 5. Centering the column. 

In the preliminary wedge arrangement, the wedges are 
tentatively positioned along the inner frame circle {opposite the 
distant angles welded to the case and which are generally equal 
in number to the stator wedges). Wedge positions are checked 
for height and also for verticality by means of the frame level in 
two planes, namely, front and lateral planes. When this is done, 
the upper corner plates are placed against wedges on each shelf 
and tackwelded; the wedges as well as their positions on the shelf 
are marked. They are then removed from their places for weld¬ 
ing the tackwelded corner plates to them. 

Tackwelded corner plates "b" are welded to the wedges "a" 
by an 8-mm weld (Fig. 2.6). Each weld is laid in two runs by 
4-mm electrodes E42 at 140 - 160 amp. First of all, the first 
run (1) is carried out along all the corner plates on one side of 
the wedge and then the first run (2), on the other side. The 
wedges are now turned over and second runs (3 and 4) are laid 
individually on each of its sides. 
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Fig. 2.6. Sequence of laying the joints while welding corner plates to wedges, 
a - stator wedge; b - "corner plate". 

After welding the wedges and clearing them of drippings, 
the dents are straightened; the residual curvature in the two 
planes should not exceed 0. 5 mm along the whole length. 



The final wedge arrangement is carried out after placing 
the straightened wedges in their respective positions in accord¬ 
ance with the marking. This operation is not carried out by 
means of the temporary control core packets, even in the case of 
unitary hydrogenerators. Moreover, it is inaccurate, arduous 
and only highly experienced assemblers can perform it in this 
way, because the segment-slot dimensions exceed the encom¬ 
passed wedges by only 0, 35 mm on each side [5]. 


The deviation in the wedge pitch after welding should be 
considerably less than the gap between the wedge and the segment 
slot. Only in this case, the active steel segments would easily 
slip over the wedges. 
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Narrow deviations in pitch dimensions after welding lead to 
the inevitability of more accurate wedge arrangement and conse¬ 
quently to the use of special templates. The method is based on 
the principle of homogeneous rigid wedge fixation from a common 
base, namely, the left side of the slot in the form of a dovetail. 

Fig. 2. 7 shows a general view of the four-position template 
for mounting the stator wedges of a hydrogenerator. The rigid 
frame 1 of 50 x 5 mm carbon steel serves as a base for the temp¬ 
late. Four ground plates 2 are welded to the frame top and the 
templates 4 are fastened to them by bolts and dowel pins. Each 
template has its front end thickened to 2 0 mm and has a configu¬ 
ration on one side of the slot in the form of a dovetail. A special 
slider 6, operated by a star-headed screw 7, closes the other 
side of the slot. 

Slight swinging of the slider during compression does not 
lower the accuracy in fixing the wedge in the template, because 
its position is determined by the two contact planes of the temp¬ 
late, cemented and tempered to a hardness HRC = 52 to 56. 

While making the template in the tool shop, small blocks 5 
(counter templates) are pressed in the slots. These blocks are 
made with a high degree of precision and in the center they have 
a 5 mm ground rod. When such blocks are pressed in all the 
templates, the measurement of distances between them is simpli¬ 
fied and can be carried out with a high degree of accuracy. Per¬ 
missible deviation in the templates is + 0. 02 mm for one pitch 
and t 0. 03 mm for three pitches. 

The templates are first placed in position and adjusted 
carefully; holes are drilled in them and reamed along with the 
frame and dowel pins are inserted. The frames are unified; in 
order that templates of different types of hydrogenerators may 
be mounted on a frame, a wider block 2 is provided in the frame. 
Hence, when a particular type of hydrogenerator is completely 
manufactured, the four-position template is sent to the tool shop 
where it is tuned to other dimensions of a different type of hydro- 
generator by gage makers. 

In Fig. 2.7, major dimensions and angles of a template 
are denoted by letters and the table below the figur- shows their 
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numeric al ; value 8 fgr each of the five hydro generators with the 
wedges situated on diameter varying from 4, 2 70 mm to 10,280 
mm. 


A simple calculation, say for stator No. 3, will be explained 
here. In view of the fact that templates, as mentioned earlier, 
are checked by cylindrical dowel pins of special blocks 5 (counter 
templates}, the basic data for determining the principal template 
dimensions are: 

1. radius of the axis of the block (counter template) 
from stator center 

R = O e + ae = Oa ; R = Ri + ae = 4260. 5+10 = 4370, 5; 

where R = 4270.5 -- distance from the center to the 

wedge planes as given in the drawing 
of the stator 

ae = be = ce = de = 10 mm -- constant distance 

between the counter template axis 
and the base wedge j 


2. number of stator wedges equal to 72. 

After drawing the required figure (Fig. 2, 7), 
we determine the angle between the wedges £p - 360/72 = 5 
(cp/2 = 2° 30') and the main template dimensions M, H and K. 


A perpendicular OO^ is dropped from the vertex of the 
isosceles triangle bOc on the base be. From the right-angled 
triangle ObO^, we have: 

M 

kO j - 2 - R sin —— — 42 70,5 sin 2 °3 0 1 - 186.2 75 nun 


P 

00j = R cos ~— 


M = 372.55 mm 

= 42 70.5 cos 2° 30' = 4266.43 mm. 


Another perpendicular OC >2 is dropped from vertex O 
of the isosceles triangle aOd on the line ad. 
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Fi g. 2 . 8, Templates far adjusting the stator wedges of Bratsk HEP hydrogenerator, 

a - only for wedges with large pitch; b - for wedges with large and small pitches 
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From triangle a00 2 with angle aOO^ = 2 ” 7° 30' 

we have 

aO z = — = R sin $P = 4270.5 sin 7°30* = 557,41 mm 
2 ^ 

H = 1114. 82 mm, 00 2 = B. cos ——= 4270. 5 cos 7° 3 Cf 

2 = 4233. 96 mm 

Hence K = OjO^ = OCL - OO^ = 4266. 43 - 4233.96 = 32. 47 mm 
Technology of arranging the wedges 

Arrangement of wedges along the pitch and diameter will 
be explained here for the stator of the Bratsk HEP hydro- 
generator. As is evident from Fig. 1.2, the wedges are 
positioned at unequal pitches, necessitating the use of two 
types of templates. Thus, the template with a greater pitch 
(3 70. 2 mm), shown in Fig. 2. 8, a, is used to adjust the wedges 
along the entire stator excepting the joint wedges which are 
positioned with a smaller pitch (296.72 mm). The template 
in Fig. 2.8, b is meant for adjusting the joint wedges. The 
central grooves 2 and 3 of this template fix the position of 
the joint wedges of two adjacent sectors, whereas the end 
grooves (1 and 4) are meant for the wedges with large pitch, 
which are adjacent to them. 

In order to facilitate the operation, the template is 
mounted on special brackets (Fig. 2. 9) which are fixed to the 
shelves of the stator of all types of hydrogenerators by means 
of screw 2 having a tap wrench. These brackets form a hori¬ 
zontal surface for mounting the template which permits dis¬ 
placement of the template in any direction. 

While mounting the stator wedges, two similar templates 
1 must be simultaneously in operation. One of these is on the 
top and the other on the bottom as shown in Fig. 2.10. 

The sequence for mounting the wedges is worked out by 
the technologist at the same time as the assembly chart for 
active steel and forms a part of it. The base wedges A, B, C, 

D (Fig. 2,10) mounted first of all by means of the templates of 
joint wedges of sectors VI and I should be strictly vertical. 
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Fig. 2,9. Bracket for supporting the template. 

1 - stator shelf; 2 - screw with a tap wrench; 3 - bracket; 
4 - template. 



Fig. 2,10. The template positions while adjusting the base wedges. 

1 - template; 2 - bar; 3 - bracket; 4 - wedge; 5 - comer plate; 
€ - stator frame. 


The deviations (0.2 mm per meter) are checked by a frame 
level. The tolerance in the pitch distance of two base wedges 
is + 0.2 mm. 


The mounting of the wedges B and C is facilitated on 
account of the fact that along the axis of symmetry of the 
template 1 a long plank having a prismatic groove is fixed. In 
this groove, a 6-8 mm diameter rod 2 with a conical end in the 
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direction of weld plates is mounted. In order to mount the 
wedges B and C at equal distances from the joint line, the 
template 1 on brackets 3 is shifted and the sharp rods are 
moved till they coincide with this line. As a result, the base 
wedges A, B, C # and D immediately occupy the true positions 
along the pitch. At the same time, the wedges are placed at the 
required distance from the central column by taking the measure¬ 
ments along the top and the bottom of the wedge at the template 

level by means of the cigar-shaped micrometer pin gage fixed to 
the central column. 

Next, the corner plates 5 of the wedges 4 are tackwelded 
at two points to the first (lower) and the fifth (last but one) 
shelves. The remaining wedges are adjusted in three stages as 
per Fig. 2.11. 


First sta^e : 


By shifting the brackets to the right in anticlockwise 
direction, lower and upper templates of higher pitch (Fig. 2. 8, a) 
are placed over them. The left grips of the templates are 
displaced to the wedge 4, whereas wedges 5, 6, and 7 are posi¬ 
tioned in the rest of the grooves. After checking the radial 
distance along the wedge 7, the corner plates of wedges 5, 6, and 
7 are tackwelded to the first and the fifth shelves. Likewise, 
by using the same templates on wedges 7 as base, wedges 8,* 9 
and 10 are fastened to the wedge 7. After checking their radial 
positions, their corner plates are tackwelded to the shelves 1 
and 5, and so on up to the wedge 18. The following wedges are 
adjusted next: 


19, 

22 , 

36, 

39, 

53, 


20, and 21 - by templates as per Fig. 2. 8, b 
23 up to 35 - 11 " ? r a 

37, and 38 - " " Z \ g[ b 

40, up to 52- " " 2 . 8,a 

54, and 55 - " " 2. 8, b 


and as the operation proceeds, the corner plates of these 
wedges are tackwelded to the first and fifth shelves. 
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Fig. 2.11. Adjustment scheme of the stator wedges of Bratsk HEP hydro- 
generator. 

1 - adjustment of the base wedges; 2 - first stage of adjustment; 
3 - second stage of adjustment. 

Second stage: 


Subsequently, the left grips are moved to the wedge 55, the 
wedge 5 8 is mounted on the extreme right groove (viewed from the 
center) while the template grooves for wedges 5 6 and 57 remain 
free, and the corner plates of the wedge 58 are tackwelded to the 
first and the fifth shelves. 

Wedges 61, 64, 67, 70, 73, 76, 79, 82, 85, 88, 91, 94, 

97, 100 are mounted in the same manner by tack welding their 
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corner plate a to the first and the fifth shelves and by checking 
their distances from the center. 


When the circle closes in the second stage of adjustment, 
its inaccuracy in the template position between wedges 100 and las 
measured by a clearance gage, lies within the limit of + 3. 0 mm. 

In case of a positive deviation, as seen from Fig. 2. 12, a, the gage 
will move near the wedge 1. This indicates that the wedge adjust¬ 
ment is not accurate and hence the total pitch disposition from 
wedge 100 to 1 is increased by 3 mm. 


a) 



CP 


Probe _ ) 

cp’lfj 



flSnu^J 0 *- 3 5 mm/7 


Probe 


Probe 




—H ^°ifTrf^1« Pr ° be m Probe _ 

gj\). 15 mid j \Q. 3 mml JO. 5 mm/7 


b) 

Probe 3 mm 

IS 

Pr°b« °lf P^be no/l P ,y ba 

0* 3 mm jy 


£p 










1$ 


. n' 5 mm __ | 

pr °be • Probe p ro b e 

\W\0- 3 mm L . JO. 15 


© 




Fig. 2.12. Correcting the errors in wedge adjustment. 

a) with a positive error (+3.0 mm); b) with a negative error 
(-3.0 mm). 
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In order to eliminate the inaccuracy in the adjustment, it 
is essential to distribute the deviation over the six template grips, 
i.e. 0.5 mm per grip. While doing so, adjustment by means of 
the template should be carried out in the reverse direction, i.e. , 
in anticlockwise direction, and a wedge should be placed in each 
template groove. 


Third stage: 

The wedge 100 tackwelded in the second stage of adjustment 
is taken out; templates are fastened to the wedge 1; after placing 
a 0.5 mm gage between the fixed jaws of these templates and the 
left wedge-face, wedge 102 with a 0.3 mm gage, wedge 101 with 
a 0. 15 mm gage and wedge 100 without any gage are pressed in 
them. After checking the radial positions from the central column, 
the wedges are tackwelded to the lower and the fifth shelves. 

As a result, the pitch between wedges 100 and 101 is 
increased by 0. 15 mm, between wedges 101 and 102 by 0. 15 mm 
and between wedges 102 and 1 by 0.2 mm. Wedge 97 is then 
removed and in order to increase the total distance between wedges 
97 and 100 by 0.5 mm, as against the nominal value, the templates 
are securedto wedge 100 after inserting the 0. 5 mmgage. Wedge 
99 with 0. 3 mm gage, wedge 98 with 0. 15 mm gage and wedge 97 
without any gage are now fastened to the templates. Once again 
the radial distance of the wedges from the central column is 
checked. The wedges are then tackwelded to the lower and the 
fifth shelves. This results in an increase in pitch between 
wedges 97 and 98 by 0. 15 mm, between wedges 98 and 99 by 
0, 15 mm and between wedges 99 And 100 by 0. 2 mm. 


Thus, in two grips of the template, the distance between 
wedges increases by about 1 mm. Only 2 mm are left for the 
remaining grips. For eliminating this, wedges 94, 91, 88 and 
others are taken out and by inserting the wedges with the help 
of templates and gages it is ensured that one of the fixed 
template jaws touches, without any clearance, the wedge tack¬ 
welded in the second stage. 

If, however, on closing the circle in the second stage of 
adjustment, the clearance gage passes through wedge 100 
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Fig, 2,13. Sequence of laying seams while welding comer plates to stator 
shelves. 

Numbers and letters near the wedges shou) the sequence of laying 
joints. 

first laid on the sector in one run on one side of each corner 
plate ( from center towards casing) and then, in the same 
manner, it is laid on the other side of each corner plate in the 
same direction. Second and the third runs are carried out 
radially in the same manner as the first one. 

The tangential seams are laid in the same manner as 
the radial ones. 

Ovei head corner plates are welded to wedge s by an angular 
joint with an 8 mm cathetus in two runs in the vertical position 
by using 4 mm electrodes E42 at a current of 120-140 amps in 
the same sequence. The welding of these overhead corner 
plates to shelves, however, is carried out in overhead position 
by angular joints with a 10 mm cathetus at 120-140 amps in the 
same manner as the corner plates in the lower position. Thereby, 
the wedges undergo insignificant deformation as they are heated 
gently and cool down before the next seam is laid. Besides, the 
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correct welding sequence reduces deformation, and is directed 
to one side for all the wedges. 

2.5 Checking the wedge arra ngement : 

The purpose of templates described above (Fig. 2. 8) is 
to hold the wedges during tackwelding and welding operations 
firmly and as such, they must have sufficient rigidity and 
weight (up to 3 0 kg) so that they may be able to withstand the 
forces resulting from thermal deformations. 

However, for checking the correct positions of welded 
wedges, light-duty four-position templates weighing 8-9 kg 
(Fig. 2. 14) are employed. The template truss is made of tubes 
1, 2, 3 and 4. End clamps 5 with sliders and screws, and 
central clamps 6 without sliders, are directly fastened to 
the truss by bolts and dowels. The central clamps have, on 
their right side, threaded holes for fastening counter templates 
while adjusting the template in the tool room. The handles 7 
are intended for shifting the template. The template is secured 
to the wedges by two end clamps and the error in adjustment is 
measured by means of clearance gages. 

A two-position template in one pitch (Fig. 2. 15) is fairly 
convenient for checking the distance between stator joint wedges 
for Bratsk HEP hydrogenerator with decreased pitch along the 
chord. The right clamp 5 with slider and screw and the left 
one 2 without slider are fastened to the angle 6, The plank 4 
does not take part directly in the operation with templates and 
only serves to check the distance between the clamps when 
counter templates 3 are mounted. By hoLding the template by 
the handle 1 and operating the screw of the right clamp, the 
operator presses the template to the wedge, and determines 
the side, on which there is a clearance. If clearance is between 
the wedge and the left clamp, it means that the distance between 
wedges is less than that given in the drawing. If it is between 
the wedge and the right grip, the distance is greater than that 
shown in the drawing. 


The permissible tolerance along pitch between two adjacent 
wedges is + 0.5 mm. 
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t 


Fig. 2.15. Two-position template for checking stator wedge adjustment . 

The clearance is checked by a clearance gage. If a 0.5 mm 
clearance gage fits loosely, the adjustment in the particular 
region is rejected. 

For convenience in operation, "+0,5 11 and "-O.B" are 
marked at the right and left template clamps. 

Fig. 2. 16 shows schematically all the possible positions 
of a light-duty template and methods of measuring the devia¬ 
tions in pitch between two wedges by means of a clearance 
gage. While using the template, the operator radially pushes 
it through four adjacent wedges and then moves it to the right 
till one of its fixed jaws touches the wedge. Here,there are 
four possible cases of contact on wedges 1,2,3 and 4. 

When the template is in contact with any one of the 
wedges, the remaining wedges and the corresponding fixed 
template jaw have a clearance between them. This clearance 
is' measured by selecting a clearance gage of a particular 
thickness. For judging deviations in the pitch from the normal 
value, it is necessary to consider the position of two adjacent 
wedges in the template, For example, in the upper position 
of the template, wedge 2 is deviated to the right by 0. 5 mm and 
hence, the pitch between the first and the second wedges is 
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Gage 

pressed to 
4th wedge 

Fig. 2.16. Methods Of measuring deviations in the pitch between two wedges 
with the help of the template and the clearance gage. 

a - amount of deviation in pitch . 


increased by 0.5 mm. Wedges 2 and 3 are situated in the 
template with 0.5 mm and 0,2 mm clearance gages. In case 
of clearance gages of equal thickness, the pitch would not 
have had any deviations. In this particular case, the 0.5 mm 
clearance gage at wedge 2 brings it closer to the wedge 3 by 
0.3 mm (0.5-0, 2 =0.3 being the difference between the thick¬ 
nesses of the clearance gages) and reduces the pitch between 
them by 0.3 mm. For the same reason, pitch between the 
wedges 3 and 4 is reduced by 0. 1 mm and the total deviation 
in pitch between wedges 1 and 4 will be 0.5 + (-0. 3) + (-0. 1) 

= 0, 1 mm. 
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Results of the measurements are noted down in the wedge 
arrangement card. Fig. 2. 17 shows one such card filled in for 
each stator sector of the Bratsk HEP hydrogenerator. The pitch 
deviation a between two adjacent wedges, measured by a template 
and a clearance gage, is shown for each shelf along horizontal 
lines and the deviation b in the radial distance between the 
center and the face plane of each wedge is shown in vertical 
columns. 


Sector No. 



Fig. 2.17. Wedge arrangement card showing the adjustment of stator wedges 
of Bratsk HEP hydrogenerator. 

a - deviations in pitch; h - deviations in radius. 


The use of the templates appreciably reduces the time 
and labor required increases the accuracy in wedge arrangement 
and facilitates active steel assembly since, as pointed out 
earlier, the clearance between the wedges and the fastening 
grooves of segments is greater than the deviations in the chord 
between the wedges. Besides, pressing of steel and dressing of 
grooves are also facilitated and the quality of the core is improv¬ 
ed, as the possibility of spoiling the lacquer insulation of 
segments is eliminated* 


90 










































































































































































































































































STATOR CORE ASSEMBLY AND WINDING 


2. 6 Core assembly : 

The operation commences with mounting the pressure 
racks and adjusting their positions relative to the assembly 
plate (Fig. 2. 18). Places for the lower row of racks are marked 
on the lower stator shelf. Building jacks 8 made in one piece 
with plate 9 are arranged on the assembly plate under the lower 
shelf and pressure racks are mounted on them. For correct 
orientation of pins of racks 4 on the teeth of the active steel 
segment along the entire stator, a special template (Fig. 2. 19) is 
used. If, for example, the operation is commenced from the left 
sector joint, the template is placed obliquely at a certain angle 
to the horizontal and the groove 'a' is placed in the first fasten- 


1 2 3 



care. 

1 - sector; 2 - stop bolt of the pressure rack; 3 - active steel; 

4 - pressure rack; 5 - bolt of the building jack; 6 - nut; 7 - stopper 
screw; 8 - frame of the building jack; 9 - jack plate. 
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ing wedge counting from the joint and the groove 'b' ia placed 
in the second wedge. Thereby, the rectangular projections 'c' 
of the template determine the true positions of pressure rack 
pins radially (R) and tangentially ( OC ) relative to the wedges. 
Bolts 5 of building jack (Fig. 2. 18) are used for adjusting the 
horizontal positions of the bearing planes of pins of racks 4 at 
the required distance ‘A’ from the assembly plate (tolerance in 
height A along the entire stator ring is_t»l. 0 mm). This posi¬ 
tion is fixed by setting the three bolts 2 of pressure combs in 
the lower shelf of the stator frame. 

Active steel segments are laid in such a way that the 
joints of every two adjacent rows overlap (Fig, 1.2). Here, in 
the laying scheme of segments, two layers are shown. For 
better explanation, the second layer has been moved radially 
(from the center) relative to the first one. Overlapping of the 
segment joints and the possibility of splitting the core into 
sectors are realized by placing the auxiliary segments 15, 17, 
19 and 21 alternately along the left side of the sector for one 
row and along the right one for the other. 

The core is assembled on assembly gages (Fig. 2. 20, a) 
laid in the grooves (not less than two on each segment) to eli¬ 
minate the displacement in the grooves. 

Besides the assembly gages, dressing and checking gages 
are also employed. 

The slot surfaces are evened out with the help of dressing 
gages (Fig. 2.20,b) to avoid the projecting segment sheets 
("crests") that narrow down the grooves and hamper winding 
operations. The dressing operation is done by running a steel 
ground gage of finite thickness through the slot (from the center 
to the slot bottom). The gage pushes the projecting segments 
to one side. The dressing should be carried out with special 
care to avoid the breaking of individual segment teeth. 

Reference gages (Fig. 2.20, c) are used for final checking 
of core slots. 

As a result of several years of practical experience, data 
are established for calculating the main dimensions of assembly 
gage, dressing gage, and reference gage. 
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Fig. 2.20. Gages for assembling the active steel. 

a - assembly gage; b ~ dressing gage; c - reference gage. 

The main dimensions of assembly gages {Fig. 2.20, a) may 
be determined by the following formulas: 

T ass = *> s + °-7 (bi-b,) [mm]; 

^ass ~ ■*—— ) h g [mm]; 

h a6s = 500 to 600 [mm]; 

where i aggl W' aas) L asg are the thickness, width and length of 
the gage 

b s = slot width of assembled core "in light" 
k ! g = b fl +0, 5—- slot width in stamp. 
h s = slot depth in stamp. 

The assembly gage should not weigh more than 5 to 7 kg. 
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Actual dimensions o£ assembly gages for a given Hydro- 
generator should be so chosen that the number of gage trans¬ 
positions during the core assembly is least. In order to decrease 
the weight of gages and also to reduce friction while positioning 
the segments,a part of the gage body situated near the axis is 
made of lesser thickness; the conical portion facilitates the 
positioning of active steel segments on gages. The hole in the 
upper portion is for lifting the gage by a crane while removing 
it from the core. 

Main dimensions of dressing gages (Fig. 2.20,b) are 
determined by the following relationships: 

T dr = b s + 0-2 (b^- b 8 ) [mm]; 

w dr^ 2b r + 15 [ mm ]; 

= 0.5 to 1.0 h g [mm], 

L 2 = h g + 200 to 250 [ mm ]; 

where W^ r , and are thickness, width, useful and 

overall lengths of the gage; 

b r = height of active steel packet (between two ventilating 
canals). 

This gage should not weigh more than 4 kg. 

The tolerances on thickness of assembly and dressing 
gages are as per slip fit of 3rd class of accuracy. 

Following are the formulae for selecting the main dimen¬ 
sions of reference gages (Fig,2.20,c) 

T ref. = b s 1 0. 02 [ mm ]; 

W ref.~ 2b r [ mm ] ; 

L]_ = 0. 5 to 1,0 h [ mm ]; 

1^2 = h g + 2 00 to 250 [ mm ]; 

where, T re £, W re f t Lj. and 1^ are thickness, width and 
useful and overall length of the reference gage. 
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The reference gage should not weigh more than 1,5 to 
2 kg. Fig. 2.20 shows the working drawings for gages of the 
stator core of the Bratsk HEP hydrogenerator with their 
working dimensions calculated as per the above formulas. 

Stator core consists of individual packets of height 40 to 
55 mm between which ventilating segments (Fig. 1,2) are 
stacked. The lower position packet is assembled first and 
then the assembly gages (two per segment) are mounted in its 
slots. As the core assembly progresses, the gages are 
transposed. 

When each core packet is assembled, it is set near the 
wedges and the assembly gages ( with the help of plates and 
sledge hammer); the slots are dressed and the packet height is 
measured. In view of the fact that 0. 5 mm thick active steel 
segments have deviations of the order of hundredth parts of 
millimeters and also have a warping tendency, the height of 
the assembled packet should be measured after subjecting it 
to a pressure very nearly equal to that used for pressing the 
given core. Only under such conditions, it may be assumed 
that undulations would not be present in the packet after it is 
pressed on a hydraulic press. 

Until recently, screw-clamps with millimeter divisions 
were used for this purpose in electric machine building factories. 
In this case, the pressure could not be regulated because the 
force on the screw-clamp handle depends on the experience and 
physical strength of the worker, whereas the frictional losses 
in a screw-pair , as is well known, fluctuate within a wide range 
depending on the quality of the thread, its lubrication etc. 

This resulted in the fact that, depiste measurement of all 
packets and addition of the corresponding number of segments 
to the thinner ones amongst them, a considerable amount of 
undulations and deviations in height beyond the permissible one 
existed in the pressed core. In order to ensure the same core 
height, it was necessary to partially disassemble the upper 
packet and add or remove the active steel at a number of places. 

Fig. 2,21,a, shows the construction of the hydraulic 
screw clamp used at the 'Elektrosila' factory for measuring 
the packet height. 
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A lug 2 i.B welded to the lower part and a segment 3 to the 
upper part of the frame handle 1. A plank 15 is welded to the 
left part of the frame handle. This gives a T-section to the 
frame handle and increases its rigidity. Cylinder 6 is fastened 
to the frame handle by means of semiflange 14. The plunger 4 
of the cylinder is held in the raised position by spring 5 and has 
a U-shaped packing cuff 7 secured by cover and bolt. The cy¬ 
linder is closed on the top by cover 10, through the threaded 
hole of which is admitted the screw 11 with star wheel 12 on the 
top. Piston 9 with a U-shaped cuff 8 similar to the one on the 
plunger is fitted to the lower end of this screw. 

The space between the piston 9 and the plunger 4 is filled 
with oil and communicates with the manometer 13. A pointer 
16 is fixed to the slot at the lower end of the plunger 4 and its 
sharp end slides over the scale engraved on the plane external 
surface of the cylinder. At the same time, the pointer limits 
the upward lift of the plunger by resting against the face of the 
lower cylinder. The downward stroke of the plunger is limited 
by a lug on it in the part where the spring 5 is mounted. These 
determine the limits of measuring the packet height; maximum 
n l = b r m ax and minimum n 2 - b r min . 

The screw clamp (Fig. 2. 21, a) is meant for measuring 
packets of thickness 35 to 55 mm. The range is limited to 20 
mm to avoid an increase in the cylinder dimensions and the 
weight of the device. The scale on the cylinder is marked with 
millimeter divisions on the left and the right of the longitudinal 
mark with a shift of 0.5 mm, thus permitting a measurement 
of packet height to an accuracy of 0.5 mm. 

When the segments used are thin, it is not difficult to lay 
the vernier on the lateral surface of the pointer and conduct 
measurements with an accuracy of 0. 1 mm. 

During assembly, the upper packet is always measured. 
The lug 2 is moved in the slot and the recess in the lug passes 
freely over both the sides of the distance pieces (T ). Next, 
the piston is lowered by rotating the star wheel and the plunger 
4 presses the steel packet under the action of oil. A constant 
pressure of 10 kG/cm^ with a deviation of + 5% as shown by the 
manometer should always be maintained. 
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The packet height is read on the scale of the instrument 
and if the height varies from the drawing dimensions, active 
steel is either added or removed as required. 

As a result of using such devices at the "Elektrosila 
factory, the fluctuation in the stator core height was limited to 

3-5 mm. 

For better working conditions after assembling 9 or 10 
packets, collapsible scaffolds are erected on the inner sides 
of stator and transposed to the next step in height as the core 
assembly progresses. 

2.7 Core pressing : 

In order to impart uniformity to the stator core, it is 
necessary to press it. It has been practically established 
that, in case of manual pressing with tension studs, maximum 
compactness is achieved when the pressing is carried out on 
each frame shell, starting from the second one. 

Preliminary pressing is done with the help of pressure 
jacks (Fig. Z. 22). After pushing the assembly gages 1 (on 



Fig, 2.22. Preliminary pressing of the core by tension studs . 


99 








ZUNDEEEVICH t PRUTKOVSKII 


which assembly was carried out) into the stator, thick steel 
bolsters 2 are laid on active steel segments and pressure jacks 
are mounted on these bolsters. Then, the tension studs 4 are 
arranged. These are inserted through holes in the lower pres¬ 
sure jacks and the special press plates 5 on the frame shelves 
and the screw jack heads. After screwing in the screw jacks, 
t ey are supported against the plate and the assembled portion 
o the core is pressed. Final pressing is done by fastening the 
nuts on the studs tightening the core. 

This method of pressing is quite arduous and is carried out 
by 3 - 4 workers using a spanner and a 1.5 - 2 m long tube. 

_ . During the final pressing, pneumatic bolsters of V. I. 

Mikhel (PSL M42) system were used at the "Elektrosila" 
factory in 1953. Although they made the work easy, they did not 
produce the necessary compressive force, with the result that 
the nuts on the studs had to be further tightened by hand. Besides, 
the bolsters were also disadvantageous because of pressure 
fluctuations in the pipelines supplying air and the damage to 
stud threads while tightening nuts. 

Increase in hydrogenerator capacity was accompanied by an 
increase in height and width of the stator-core ring, with the 
result that manual pressing no longer ensured the necessary 
compactness of the core. For example, if the stators of Gorki 
and Volga HEP hydrogenerators had a core ring of 2 80 mm in 
wi th and 2,000 mm in height, the stator core of Bratsk HEP 
hydrogenerator had a width of 45 0 mm and a height of 2500 mm 
an , of course, it could not be pressed manually. In order 
to have high-quality stator cores for high-capacity hydrogene¬ 
rators, it is most appropriate to use hydraulic presses that 
would ensure the required pressure. 

A multl -cylinder hydraulic press without a bed plate 
(Fig. 2,23) was designed, manufactured and put into use in 

I960 at the "Elektrosila" factory and its layout is shown in 
Fig. 2. 24. 

The press is intended for pressing the core 20 simul¬ 
taneously along the entire sector. The welded frame consisting 
j°int plates 15, horizontal shelves 2 6, casing 25 and stator 
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Fig. 2.23. Preliminary pressing of active steel of a core by a hydraulic press. 

wedges 24 welded to the shelves 26 with the help of corner plates 
23 is shown by conventional lines near the press. 

Stamped active steel segments are slipped over the front 
portion of the wedge in the shape of a dovetail. On them, at the 
top and the bottom, 90 to 120 mm thick pressure racks 29 and 
31 (Fig. 2.24) are laid. 


Main parts of the press are: sickle -shaped lower (5) and 
upper (3) plates connected to each other by two or four columns 
2 fastened to the lower plate and freely passing through th* 
holes in the bushing of the upper plates. The columns 2 have 
eyebolts 1 at the top for lifting the press. The suspen e p 
lies in a horizontal position owing to the columns. e ° w ® r 
plate 5 has a landing on the inner side on which are mounted the 

motor 7, the oil pump 8 (having a maximum pressure of 250 
gage atmospheres and displacement of 1. 1 - 5 l/min), the oil 
tank 10 and the distributor 9. The supercharging pipeline 11 
goes from the pump to the hydraulic cylinders whose number 
is equal to the number of the stator wedges on the sector. 

Single-acting cylinders are used. Frames 12 are fastened 
to the plate 5 and plungers 21 rest on the plate 3. HI leakage 
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Fig. 2.24. Pressing the stator active steel {sixths) with a transportable hydraulic press . 

a - stator sector in the plan with the mounted hydraulic press; b -position of the press during preliminary 
pressing; c -position of the press during final pressing . 
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to the active steel is prevented by the drainage pipe 33. 

Brackets 6 with bearing screws 27 at the ends are welded to 
the plate 3. The plate has recesses 14 for studs 22 and length- 
eners 34, as well as packets 13 for the wedges. Frame 4 
increases the rigidity of the plate 3. On each side of the press, 
in place of solid brackets 6, there should be one to three hinged 
brackets 28 for passage between stator wedges 24 while instal¬ 
ling and removing the press. 

The data of Table 2. 1 serve as a guide while pressing the 
core simultaneously on the entire sector are {Fig. 2.23) on a 
hydraulic press. Depending on the overall height of stator core, 
the Table shows the height of assembled steel and the number of 
appropriate preliminary pressings. 

The necessary pressing force is computed as per the 
following relation: P = pF [kG], where p = specific pressure 
in kG/cm 2 ; F = area of the core subjected to pressing, in cm . 

According to the Table 2.1, the stator core of the Bratsk 
HEP hydrogenerator should undergo two preliminary pressings 
at the height of third and fifth shelves. 


Preliminary pressings: (Fig. 2.24, b and Fig. 2, 23) 

When the active 3teel segments are stacked up to the level 
of the next shelf, the press is so installed that its lower plate 
lies on segments, and the brackets 6 and 28 are moved to the 
stator frame and suspended over its shelf. Studs 22, with 
upper nuts 36 screwed on them and with washers underneath, 
are introduced in the recesses 14 of the upper plate and admit¬ 
ted through holes in the lower pressure rack 2 9 resting on the 
jacks 16, 17, 18, 19 and nuts are then screwed on to them. (In 
a number of designs, in order to facilitate operations, the 
lower bolts are replaced by turning forks inserted in correspond¬ 
ing slots on the stud ends). 

Bearing screws 27 are tightened up to the stop on the 
stator shelf. Tightening of nuts 36 is checked to ensure uniform 
tightening of studs during pressing. After this, the motor of 
the oil pump is switched on and the core is pressed. The upper 
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press plate remains stationary, whereas the lower one along 
with hydraulic cylinders descends by an amount equal to the 
sag of the steel resulting from the compactness. 

After first preliminary pressing, the core height at each 
sector is measured along the slot bottom at each of the joints 
at seven points in the toothed zone and at five equidistant 
points along the sector arc. To ensure a uniform core height, 
active steel segments are added at places that are too low. 
Depending, however, on difference in height along slot bottom 
and toothed zone ( from the side of internal turning), the 
required number of packings of insulating board should be 
placed uniformly in the toothed zone of active steel packets 
assembled before second preliminary pressing, i.e, before 
pressing from the third to the fifth shelf. After this, the 
pressure is released, motor is switched off and studs are 
removed. For this: 

1. each of the tension studs is released from the bolt or 
the turning fork touching the lower pressure rack; 

2. eyebolt is screwed in the hole of the removed stud and 
by shaking it manually it is confirmed that it hangs freely 
without catching the hole of the lower pressure rack, the 
frame shelf, and the back of stator core. The press is 
then shifted by means of the crane to the next sector. 


Active steel assembly up to the fifth shelf, measurement 
of the height of individual packets, and their dressing and 
gluing are carried out in the same manner as in case of 
gluing are carried out in the same manner as in case of 
assembly before the first pressing. I hen the second pre¬ 
liminary pressing is performed (Fig. 2.23), Without releasing 
the pressure, the core height is measured, as mentioned abovs 
at seven points of each sector along the slot bottom and at the 
toothed zone. After removing the press, the necessary 
number of segments are laid for levelling the core height and 
the number of insulating packings required at the toothed zone 
of the packets, which are assembled before final pressing y i. e. 
before pressing from fifth shelf to the full core height, is 
calculated. 
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Final pressing (Figs. 2.24, c; 2.25; and 2.26}: 

Taking into account the inevitable 1 'loosening* * of 
packets, assembly should be carried out only after the height 
of the core 5 exceeds the height of the wedges 2(Fig, 2.25). 


( ? 2 S 4 5 



Fig. 2.25. Assembling the upper care packet . 

1 - upper stator shelf; 2 - wedge; 3 - packing; 4 - assembly gage; 
5 - active steel segments opposition packets. 



Fig. 2.26. Hydraulic press mounted on stator sector for final pressing of the 
core. 
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At this height, the assembly can be conducted only on assemUy 
gages 4. For this purpose, the gages are driven into the slot 
bottom in such a manner that their ends extend beyond the 
wedge ends by about 100 mm. In order to prevent damage to 
the slot bottoms while driving in the gages, 2 to 3 mm steel 
packings 3 are inserted in front of the gages. 


The last ''loosened 11 packets overhang the wedges by 

30 - 70 mm. As pointed out earlier, they are assembled 
on gages and for correct radial orientation of the segments 
and to facilitate their fitting on the wedge, the wedges are 
driven to the gage from the back. 

Upper pressure racks 31 (Fig. 2.24, c) are laid on the 
segments after assembling the requisite number of segments. 
Stator studs 3 0 are admitted through the upper and lower racks 
and tightened by nuts 36. 

The surface of the racks 31 has a stepped form 
(plates and studs) and hence packings 32 should first be laid 
on the studs. Next, the press (Fig. 2.2 6) is mounted and 
nuts of the lengthners 34 and washers 35 are screwed on the 
upper ends of studs 30. Stays 37 are placed under bearing 
screws 27 and screws are tightened in them up to the stop. 

The core is then pressed after switching on the rotor. Racks 

31 drop down during the pressing operation with the result 
that a clearance is formed between them and nuts 3 6. 

When the pressing is over and the necessary measurements 
of height and compactness of the core are checked, the sector is 
maintained under pressure for 5 hours. At the end of this period, 
nuts 3 6 are tightened up to the stop in the racks,and bolts of the 
upper racks are completely screwed off in the stator shelf and 
their position is fixed by counter nuts. 


The core height is then measured along the slot bottom and 
the tooth. The data obtained is recorded in the card (Fig. 2,17). 
Compactness of pressing is checked on each tooth at three places 
along the core height. The lengtheners 34 are then screwed off 
and the press is removed. 
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Checking the compactness of pressing : 

Compactness of pressing the stator core of hydrogenerators 
considerably affects their working. Vibration resulting in noise 
as well as damage to the insulation, and contact corrosion of 
steel are observed if the pressing is weak. Too strong a press¬ 
ing leads to overtightening of stud threads and crushing of the 
lacquer film on segments. 


The quality of pressing is judged by the compactness of 
core packets. It is checked by means of a special 1 mm thick 
knife with its end cut at an angle of 45° (Fig, 2.27). With the 
pressure of hand, the knife is inserted between the segments in 
the toothed zone. Pressing is considered to be normal if the 
knife "bites" between segment teeth or enters the packet up 
to a depth of about 1*5 to 2 mm. 



Fig. 2.27. Knife for checking the compactness of pressing of the stator active 
steel. 


108 
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Such a check, to a great extent, depends on the physi al 
strength of the operator and does not present a true state of 
core pressing. A pneumatic knife {Fig. 2.28) was designed and 
manufactured at the ' 'Elektrosila'' factory to eliminate these 
defects. The estimation of core compactness by this device is 
more objective, independent of the strength of the operator and 
relieves the worker of heavy physical labor. 

The pneumatic knife (Fig. 2.28) is operated in the 
following manner: depending on the width of the core slot, the 
thickness of the replaceable plate 3 is so chosen that the total 
thickness 'a' of the frame 1 and the strip 3 is equal to the slot 
width "in light" minus 0.5 mm and is fastened to the frame 1 by 
the screw 2. The device is held by the handle 11 and its frame 
together with the sc rewed-in plate is freely moved in the core 
slot till the stop A of the frame touches the tooth on the right. 

The handle 9 is then moved to the vertical working position 
which opens the cock 8. Consequently, the compressed air 
from the supply line at a pressure of 2.5 gage atmospheres 
(regulated by a reduction valve) enters the cylinder 6 through the 
intermediate hosepipe 13 (between the reduction valve and the 
knife) and the fitting 14 and moves the plunger 7 from the right 
to the left. Since the axis 10 is hinged to the knife 5 rocking 
about the axis 4, the plunger pushes the knife in between the core 
segments. Penetration of the knife is determined from the scale 
12 graduated from 1 to 30 conventionally. The more compact 
the tooth, the lesser will be the scale reading. 

In case of a cylinder of diameter 50 mm and air at a 
pressure of 2.5 gage atmospheres, pressing is considered to be 
sufficiently compact if the knife deviates up to 12 scale divisions. 
If the deviation is more, pressing is considered to be weak and 
the core has to be packed more in the toothed zone. 

The knife 5 is brought back to its initial position by turning 
the handle 9 to the horizontal position and the device is then 
shifted to the next place for measuring the compactness. 

The pneumatic knife does not weigh more than 2. 5 kg. 

Further operations to be carried out on a compiled 
stator are: 
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Fig . 2.28. Pneumatic knife for checking the compactness of pressing. 


connecting th& conductors to th6 ohmrnGtgr j 

mounting and welding the stops to tension studs and 
to stator shelves (Fig. 1.2); 

testing the core of the pilot sample for heating and for 
losses [ 5 J. For this purpose it is essential to check 
carefully the ohmic resistance of the active steel segment 
and the absence of burrs and varnish on them. 

painting the external cylindrical surface of the stator; 
splitting the stator into sectors and beveling; 
cutting the tension-stud ends; 
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g. tackwelding the washers and the nuts; 

h. mounting the bandage-ring segments and tackwelding and 
welding the joint bushings to them; 

i. final dressing and finishing the rectangular core slots by 
calibrating in them the dovetail grooves meant for wedges 
and securing the winding ( the operation is carried out by 
means of reamer shown in Fig. 2. 29, a, and is checked by 
a gage shown in Fig. 2.29, b); 

j. painting the core with glyptal-electrical insulating enamel 
GF-92-KhS (GOST 9151-59). 



Fdg.2. 29. Reamer (a) and gage (b) for the dovetail slot. 


The tackwelding and welding of bushings to the bandage - 
ring segments mentioned above could be carried out in the stator 
assembled in the ring, but then the stator has to be in the 
assembly shop for a longer time. Hence this operation is con¬ 
ducted sectorwise with the help of special left and right temp¬ 
lates ( Fig, 2.30), consisting of a right-angled strip (gage) 6 
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F ig, 2.31. Checking the welding of the bushings to bandage-ring segments of Volga HEP hydro ¬ 
generator stator. 
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the press is placed between the shelves during preliminary 
pressings. For placing the press between the wedges, the upper 
plate is irregularly shaped and the extreme brackets 28 are 
hinged. It is impossible to place it between wedges of a four- 
sector split stator even with hinged brackets. Consequently, 
all preliminary pressings of such stators should be carried out 
with the press located near the upper shelf. 

The press for a four-sector core, as compared to the 
press for the six-sector core, is fairly simple ( Fig. 2.32). 

It consists of a sickle-shaped lower plate 13 restricted by an 
angle of 90°. (Owing to symmetry. Fig. 2. 32, a and b show only 
half the press). As in the six-sector press, hydraulic cylinders 
4 and oil-feeding unit 2 0 with the collector 12 are placed on this 
plate. Upper plate 11, as in six-sector press, is a welded part. 
In the four-sector press, the bearing brackets 5 resemble 
radially situated ribs with bosses having bearing bolts 2 welded 
to their ends. In the upper press plate, there are 100 mm dia¬ 
meter holes for free passage of tension studs in place of 
grooves. 

In four-sector stators with a core height of 1^500 mm, the 
active steel is assembled up to the upper shelf (without position 
packets). Then the press is mounted on the active steel. Ten¬ 
sion studs 6 with screwed-in lengtheners 9 are passed through 
holes of the upper plate secured from the bottom and nuts 10 
with washers 8 under them are tightened on the lengtheners. 
Bearing bolts 2 rest on the shelf of the upper stator frame. 
Pressing is done as in the case of the six-sector core. 

If the core height exceeds 1 ( 500 mm, preliminary pressing 
is done at the last but one shelf (Fig. 2.32,c), To compensate 
the distance between the upper and the last but one shelves, 
special welded supports 7 (3 - 4 supports for one-fourth of the 
sector) are mounted on the active steel. Final pressing is done 
in the same manner as in the case of six-sector cores (Fig. 2. 32 , 
d). 

2. 8 Advantages of a portable hydraulic press: 

1. The presses (Fig. 2.23 and 2.32) are light and simple 
in design. For example, the press for the stator core of Bratsk 
HEF hydro generator weighs only 3. 2 t. 
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STATOR CORE ASSEMBLY AND WINDING 


Studs ^rh eS i lgn ° f i the preSS P rovides for more rational use of 
studs ( technological as well as tension ) of the hydrogenerator 
as compared to manual pressing. ogenerator 

„ ac T lg * 2 * V shows the layouts for transmitting the forces in 
e o manual and hydraulic pressings. 

„ *.^ 18 * 5’^ 3 ' a,shoWS the actual forces required for pressing 

he stator of Bratsk HEP hydrogenerator on a hydrualic press. 
lhey ensure a specific pressure of 20 kG/cra . Two studs 
fitted on one cylinder are stretched by a force of 40. 200 kG 
The bearing screw ( force P 2 ) travels to a greater distance 
than is possible in the case of manual pressing. As a result, 
the force on the steel under pressing is greater at the top 
(25, 900 kG) than at the bottom (20, 200 kG), as it is necessary 
to fix the active steel firmly on a number of wedges by over¬ 
coming appreciable frictional forces. 

In manual pressing ( Fig. 2. 33, b) the tensile force, like¬ 
wise applied to two studs fitted on a cylinder, is 40, 200 kG; 



b) 


S \K <3i 

Iso 


site 

Sf 5 ? 

n f ii 



Fig. 2.33. Transmission of forces during pressing, 

a - hydraulic pressing; b - manual pressing. 
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the lever ratio between the applied forces on the upper and the 
lower compressing plates is 147.5:15.0 and the pressing force is 

20, 200 kG. 

In manual pressing, some torsional stress is added to 
the tensile stress. This increases the latter by 28-30 


In the case of usual location of studs in manual pressing, 
the pressure on active steel is 14. 7 kG/cm* and the stresses 
in the studs are 2,367 kG / cm . 


In the case of new arrangement of studs, the pressure is ^ 
2 0 kG/cm 2 and the stresses in studs are equal to 1,85 0 kG/cm , 
Thus, in this arrangement the studs are about 1.75 times more 
efficient than in the old one. 


3 The pressing operation becomes less laborious. The 

press is taken to the stator sector by means of acme, Moun - 
ing of press studs takes less time than that required for 
positioning the technological studs, jacks, packings and upper 
bearing plates in the case of manual pressing. Besides, due to 
mechanization of the process, the number of preliminary press¬ 
ings is reduced from four to two and the machining time for 
each of the preliminary and final pressings is less and is equal 

to 15 - 30 min. 


4 . The press is universal, 
for pressing the active steel of 
tors: 


Following appliances are used 
different types of hydrogenera- 


a) entire oil-feeding unit; 

b) hydraulic cylinders; 

c) lower jacks; 

d) technological studs and le ^ the ^ e ^; 

e) screws 27 and rests 37. (Fig. 2.24). 

Only plates 5 and 3, on which the^ abovementicned £*t. 

are mounted, are fabricate: anesw. hy drogenerator 

is 30 to 40% of the cost of the press- h " 8 y may be con- 

dimensionally very close to each other, pressing T 

ducted on one and the same press. 
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5. Improvement in the quality of the stator is characterized 
by the following points: 

a) theoretically required pressure between the segments 
is achieved; overpressing and especially underpressing are 
eliminated. Pressure is maintained by instruments; 

b) A. large number of cylinders in the press and a compara¬ 
tively thin plate 5 ensure an even distribution of pressure. The 
first preliminary pressing shows, at a glance, the places of 
accumulation of thinner steel. Undulations in the packets are 
removed by adding segments at places where compactness is 
less; 

c) since the entire sector is covered by the press, it can 
be pressed at the same time and more uniformly without any 
danger of lateral displacements of the steel and the pressure 
racks; 

d) hydraulic pressing of the stators increases the reliabi¬ 
lity of operation of the machine, durability of frame insulation 
and winding, and reduces vibrations and noise. 

Mobile multi-cylinder hydraulic press is employed at the 
"Elektrosila" factory for pressing the stator cores of hydro- 
generators of all types up to a capacity of 500, 000 kw. 

2. 9 Assembling the stator with water-cooled windings 

Eig. E. 34 shows an unwound stator of a hydrogenerator 
with intraconductor water-cooling of the windings. There are 
two circular rows of pipes for pressure (3) and discharge 
collectors (!) in the lower parts of the frame 4, between the 
flange and the first shelves. They are fastened to the frame by 
brackets 2, Since the stator under reference is made up of six 
sectors, each of the collectors also consists of six pipe seg¬ 
ments joined to each other by bolts of flanges 5, 

The stator with water-cooled winding does not introduce 
any new operation in the assembly process. It only increases 
to some extent the amount of work involved in manufacturing the 
parts of collectors 3 and 1 and in fastening them to the frame. 
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After trimming the core slots, the collector pipes are 
mounted on the sector placed in the casing with the help of 
special devices { Fig. 2. 35). 


Three planks 5, 6 and 9, joined to each other by bolts, 
form the base of the device. Collapsible Clamps 7 and 11 are 
hinged to planks 6 and 9, while hinged bolts 8 and 10 are fixed 
near the center of the plate 9. These bolts serve to clamp the 
pipes and hold them in the required position i. e. maintain the 
dimensions L and L x { Fig. 2. 34) from the first circular row 
of core segements, and M and Mq from internal walls ( of slot 
bottoms) during tackwelding and welding of brackets 13 to ribs 
14 of the frame sector. 


On each sector three devices -- two at the ends and one in 
the middle -- are mounted. For this purpose the plate 5 in the 
right-angled core slot 1 is positioned at the lower end of the slot 
by dowel 4; by supporting the device, the fastening form-plate 
3 is moved in "dovetail" slot, and the device is fastened on the 
sector by bolts 2. After mounting the three devices, the hinged 
clamps 7 are tilted and the pipe of the pressure collector is 


Fig. 2.34. Unwound water-cooled stator. 
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STATOR CORE ASSEMBLY AND WINDING 



Fig. 2.35, Device for mounting the collectors on the stator. 


fitted by the flange end to the sector joint with a clearance of 
5 mm ( Fig. 2.34). At the factory, the flange is welded to each 
sector either to the right or to the left. The second flange of 
the collector segment is welded at the erection site, after 
joining it to the flange of the neighboring sector welded at the 
factory. With the help of clamp 7 and hinged bolt 8, collector 
segments are so fastened that there is no clearance at the 
bearing planes of planks 9 of all the three devices. 


Likewise, pipe 12 of discharge collector is mounted and 
fastened by planks 11 and hinged bolts 10. Supporting brackets 
13 are next assembled with the pipes in such a way that the 
bracket rods closely touch the frame ribs 14. After this, 
brackets 13 are tackwelded. 


After tackwelding, hinged bolts 8 and 10 are loosened, 
planks 7 and 11 are thrown back and plates 5 are released by 
unscrewing bolts 2, By supporting the device from the bottom, 
planks 3 with bolts 2 are drawn out from the slots and by rotating 
them about the pipe axis they are taken out of the stator sector. 
Brackets 13 are then welded to the frame ribs 14. 
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2. 10 Packing the water-cooled conductor rods in the stator 

sector slots, 

After assembling, finishing and testing the stator core, 
its sectors are sent to the winding shop. The cores are first 
coated with glyptal electrical insulating enamel GF-92-KhS 
(GOST 9151-59) drying in cold. The windings are then laid. 


The method of packing conductor rods with the usual air¬ 
cooled winding is discussed in the technical literature [ 3 and 5 ]. 
Therefore, the present Section deals briefly with technology 
of the packing of conductors with water-cooled windings. 

On the windings received from the insulation shop 
(Fig. 1.24), there should be caps screwed over the conductor tips. 
All the conductors are checked for passage of air at the normal 
supply pressure of 4 to 6 gage atmospheres. The tips are 
examined from inside. 


The conductors of water-cooled stator winding have 
various forms differing from each other in the method of bending 
the front portions, conductor lengths or pitch and, likewise, 
positions and shapes of conductor tips. Therefore, similai 
conductors are grouped according to their positions and numbered 
by chalk, before commencing the operation. 




Fig. 2. 36. Water-cooled stator conductors. 

1 - upper conductor with increased pitch; 

2 - upper conductor with normal pitch; 

3 - upper conductor on crosspiece; 4 - lower 
conductor with increased pitch; 5 - lower 
conductor with normal pitch; 6 - lower con¬ 
ductor on crosspiece with increased pitch; 

7 - lower conductor on busbar; 8 - lower 
conductor on crosspiece with normal pitch; 

9 - lower conductor on busbar. 
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STATOR CORE ASSEMBLY AND WINDING 


Fig. 2.36 shows conductors with such markings. 

In order to save the time spent in recurrent scrutiny of the 
complex winding scheme and to avert possible errors, slots for 
packing the corresponding conductors laid in them are marked on 
the stator. For this purpose, a number is marked on two adjacent 
pins of pressure racks of the stator restricting the slot. The 
number shows the conductor to be stacked there. 

Stator conductors are not placed in the joint slots of the 
sector which are marked Of {Fig. 2.37). 


After this, the cable ends of thermoresistance coils placed 
in respective stator slots ( during core assembling) are twisted. 
The cable is then checked for any open circuit by a 3 v test 



Fig. 2.37. Scheme for marking the sector slots for laying the windings. 

lamp and for resistance of the insulation on the frame by a 

500 v megohmmeter. The thermo-resistances are then soldered 

(without any beads and bulges) and insulated as per the drawing. 

A 0 . 4 to 0. 5 mm board is inserted, along the entire length 
up to the thermo resistance, under the cable bend situated at the 
exit of the cable from the ventilation canal to the slot. It protects 
the insulation from being damaged in case of sagging of the 
windings. External cable ends are wound into a coil, wrapped 
in paper and fastened to the stator frame. These ends are 
joined to the clamps of resistance coils while assembling, at 
the installation site, the stator into a ring. 

In water-cooled stators, the thermo-resistances are laid 
in each water branch of the slot bottom and under the wedge 


123 













Z UNDELE VIC H k PRUTKOVSKH 


securing the winding, and are accordingly marked '’bottom" or 
"top". 

As pointed out in the First Chapter, single-layer winding 
of stator of a large hydrogenerator with water cooling, is the 
most rational winding. The supply and discharge of cooling 
water to and from the conductors take place through heads in 
the form of hollow tips with threaded fittings. 

As shown in Fig. 1.24, conductors laid in two adjacent 
slots touch each other by means of tips placed on front portions. 
Consequently, conductor 5, with its tip on the top, is tentatively 
called the upper one and conductor 1 is called the lower one 
(j 1. 14). 

In a split sector, the conductors are laid sectorwise from 
the first slot following the joint ( in the joint slots, the conductors 
are laid at the site during the assembly of the stator into a ring). 

In order to soften the insulation while adjusting the 
windings, the lower conductors of equal pitch are placed in a 
thermostat and heated to 85 - 95°C. Caps are removed along 
with the tips, so that the residual water in the conductors may 
evaporate. 

While heating the conductors, care should be taken to see 
that the winding does not swell but just softens. Swelling 
occurs, when the technological process is violated, i.e. when 
there is a rise in temperature or an increase in the heating 
time of conductors, which is normally 30 to 40 minutes. 

Next, varnished board packings are placed in the slot 
bottoms except those containing thermo-resistances. Slots with 
thermo-resistances should be evened out with boards by placing 
the thermo-resistance with the marking "bottom 11 directly on 
the active steel of the stator. 

Subsequently, the first conductor with insulation surface 
heated to 85 - 95°C is taken from the thermostat and placed on 
the supporting wooden angle. It is then rubbed with micanite 
soap and carried to the sector. The conductor is then removed 
from the angle and laid on the top in the first slot just after the 
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joint slots. Both of its front portions are aligned along the 
distance from the end faces of the steel* and the conductor is 
moved to the bottom with the help of a hammer having wooden 
insertion pieces. 

Temporary wedges with board packings under them are 
then mounted on the dovetail slot for close contact of the con¬ 
ductor with the slot bottom. To check the coincidence of the 
tips of the upper and the lower conductors, the upper conductor 
is placed in one of the slots along the pitch. When the correct 
position of their joint is confirmed, the rest of the preheated 
lower conductors of the sector (except the joint ones) are 
arranged. While arranging, care is taken to see that their 
tips are truly positioned along the pitch and the overhang of 
front portions. 

If necessary, the front portions of the preheated conduc¬ 
tor 14 (Fig. E. 3 8) are dressed with the help of winding blades, 
fork, hammer and packing cushions and are closely set on 
bandage-ring segments 10 and 15. 

In case of deterioration of bandage rings, varnished 
board strips are placed on them so that the conductors may lie 
compactly at the slot bottoms, and their front portions may lie 
on. bandage rings evened out by board strips. 

The front portions of conductors are closely pulled up to 
the bandage rings by flex bandage 8. Between the conductors 
are placed distance packings 9 and 11 which should lie closely 
but should not push apart the conductors from the places where 
they were positioned while laying. 

The conductors should be cautiously pulled to the 
bandage ring so as not to damage the insulation at the exit 
from the slot. It is established that tightening may be done 
safely for a distance of about 10 mm: a greater clearance 
should be removed by board strips. If the strips are more 
than three in number, they are tied by winding a surgical tape 
around them. 

Subsequently, conductors are laid, as per the marking, 
like the first one and wrapped by a flex bandage, placing the 
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Fig. 2. 38, Wound water-cooled stator. 

1 -frame; 2 - discharge collector; 3 -pressure collector; 

4 - coupling hosepipes; 5 - coupler; 6 - coupling pipe; 7 - head 
insulation; 8 -flex bandage; 9,11 - distance packings; 10 - bandage 
ring; 12 - crosspiece; 13 - upper conductor; 14 - lower conductor ; 
15 - bandage rings; 16 - coupling busbars . 
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STATOR CORE ASSEMBLY AND WINDING 


distance pieces between the conductors laid earlier and board 
pieces at the places of contact between the conductors and the 
bandage ring. 

When temporary wedges of the lower conductors are laid 
and locked, they are checked, 

1. Individual groups are checked for hydraulic flow-resistance 
by connecting the conductors to the technological hoses. For this 
purpose, water is supplied under a certain prescribed pressure 
to a conductor or a group of them and on the other side it is 
drained into a vessel. The quantity of water flowing per minute 
is measured and compared with the calculated quantity. 

In the drawings of the water-cooled windings, the amount 
of water (1/sec), that must flow at a certain pressure H(m of 
water column) through a circuit length X (m), is usually indi¬ 
cated. While checking the winding for the water flow under fac¬ 
tory conditions, the data obtained usually do not tally with calcu¬ 
lated data. Consequently the actual water consumption Q 1 should 
be reduced to the calculated value as follows: 



Q 


where £ - actual circuit length, m. 


H* - pressure drop in the conductor determined from the 
expression 


H» = H" -H q 


where H M - supply pressure, m of water column; 

H q - difference between the supply and discharge heads, 
m of water column; 

2. The thermo- resistances laid on the slot bottoms are 
checked for ruptures and short-circuits on the frame by means 
of a 500 v megohmmeter and a 36 v lamp. 

Insulation of the lower conductors is checked for short- 
circuit on the frame, using a test stand as per the standards 
shown in Table 2.2. 
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Table 2.2 


Test voltages for stator winding a 


Nominal voltage, kv 

Type of the to it -- Remark* 

*UL itO. \ 0.0 13>8 is. 75 i8,o 20,0 

3.15 6.3 10.5 


Testing the finally 
Insulated conductors 
before laying them 
in stator 

Testing the lower 
row of conductors 
laid in sector 

Testing the upper 
conductors alter 
laying them In sector 
together with lower 
rows of conductors 
before soldering 

Testing the ready 
sectors without 
joint conductors at 
the plant 

Testing the joint con¬ 
ductors of lower row 
which are laid in 
sector and are not 
connected with the 
rest of the winding 
(Tested at the Instal¬ 
lation site} 

Testing, at the instal¬ 
lation site, the stator 
winding after solder¬ 
ing and insulating the 
joints 


13-5 24-0 35,5 45-0 50,5 56-5 62-0 


11,5 21-0 32,0 


The groups of laid con- 

40-5 45,5 51,0 56,0 ductors may be tested 


9.5 J 9- 0 31-0 39,0 44* 0 49,0 54,0 


9,0 18,0 28,5 36.0 40-5 45.5 50,0 


9-5 19.0 31-0 


Joint conductors of up- 

3 9, 0 44, 0 49* 0 54. 0 per row are not subject* 

ed to separate testing. 
They are tested after 
b o Id e ring and insulating 
the joints of the winding 


7,3 16- 7 24.0 30,6 34*5 39*0 43-0 


Testing, at the instal¬ 
lation site, the stator 
winding of assembled 
machine (as per GOST 5-2 11,25 17. 2 
103-155) 3-5 11*6 16*0 


23,0 25*8 29.2 32-2 


♦ The numerator denotes teat voltage for lower values of nominal voltages, 
whereas the denominator shows test voltage for higher values of nominal 
voltages*. 
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Testing may be carried out on all the conductors of the 
stator sector simultaneously or on a part of them. In the latter 
case, the conductors which did not undergo the test are earthed 
and separated from the rest of them by micanite sheets. 

Before laying the conductors of the upper row, compressed 
air is blown through the winding and its front portion is coated 
with enamel GF-92-KhS. Next, thermo-resistances marked 
"bottom" are_placed in the slot bottom. Caps are removed along 
with the tips and conductors are heated in a thermostat. 

While laying each of the upper conductors in the sector 
slot, the caps are screwed on its threaded portion. The conduc¬ 
tors are fastened with temporary wooden wedges; joining couplers 
6 (Fig. 2. 39) are slipped over tips 10 and fastened with wedges 
7. After this, the thermo-resistances are checked for ruptures 
and conductors for hydraulic resistance. Electrical insulation 
of upper and lower conductors is also tested. Temporary wedges 
are then replaced by permanent ones. In the slots, thermo- 
resistances are laid under wedges in the same manner as they 
are placed in the slot bottom. 



Fig. 2. 39. Joining the upper and the lower conductors. 

1 - head insulation; 2 - tip of the lower conductor; 3 - fitting; 

4 - coupling nut; 5 - coupling pipe; 6 - coupler; 7 - wedges; 

8 - asbestos insulation; 9 - pipe tips; 10 - tip of upper conductor. 

Before soldering, wedging compactness of the contact 
coupling heads is checked and couplers are clamped around by 
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special clamps to eliminate clearances in the coupling. Solder¬ 
ing is carried out by a soft solder FOS-4Q and the parts are 
heated by an appliance using a suspended, contact spot welding 
machine of the type MTPG-150. Solder joints are pressed by 
special pincers with pneumatic clamp. 


An ultrasonic checking of soldered joints of stator-conduc¬ 
tor heads has been introduced at the "Elektrosila" factory. 


The firmness of the soldering is checked by a copper gage, 
whose shape, dimensions and surface finish are the same as 
those of the coupler of the conductor heads after removing beads 
from it. 

After tuning the instrument, the gage of the monolithic 
solder is clamped by pincers and the maximum deviation of the 
pointer is fixed. The pincers are next laid on the coupler 
enveloping the soldering of the conductor heads and the maxi¬ 
mum indication of the instrument is likewise obtained. The 
permissible looseness of soldered joints of two conductor heads 
expressed in percentage of the reading indicated by instruments 
for the corresponding monolithic standard, is 2 0% for tin solder 
and 30% for silver solder. 

After soldering the heads and checking them, coupling bus 
bars 16 and crosspieces 12 (Fig. 2.38) are mounted and the 
electrical contacts and bus bars soldered. 

To test the sections for hydraulic resistance, in the same 
way as the conductors, water branches of the sector are joined 
by pipes 6 without opening the discharge hosepipes 4 to collec¬ 
tors 2 and 3. 

To check the hermetic state of the stator water system, 
the water branches are coupled by hosepipes 4 to collectors as 
per the diagram. 

In view of the fact that winding in a split stator is not laid 
along the entire sector, it is essential to close all free tip- 
fittings on one side of the joint by technological caps to connect 
similar conductor-fittings to collector by means of hosepipes at 
mufflers and caps. This test is carried out by water at a given 
pressure for three hours. 
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If any leakage is observed in threaded joints, the latter 
should be tightened. If, however, soldered joints are found to 
be defective, re soldering should be done at respective places 
after releasing the pressure and removing water from the branch 
under repair. After obtaining favorable test results, all the 
hosepipes are removed from the collectors and compressed air 
(preferably hot) is passed through each water branch for remov¬ 
ing water from the collectors. 

After joining the hosepipes of water branches to collectors 
once again, hermetic state of the joint is checked by compressed 
air at a pressure of 4-6 gage atmospheres. 

When the heads and the crossbars are isolated as per the 
drawing, insulation of the winding is checked finally. All the 
free conductor and collector fittings are then closed; compressed 
air is blown through the sector and hosepipes and conductor tips 
are wrapped in paper. The winding and the frame are now 
coated with the enamel GF-92-KhS. 
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CHAPTER III 


TECHNOLOGY OF SECTORWISE ASSEMBLY OF 

SPL IT STATOR CORES 


3. 1 Semisector assembl y 

In heavy electric machine building, as in other branches 
of industry, a change in the nature of production entails a change 
in the stable technological process. The conventional method 
of welding split stator frames, arranging wedges, and assem¬ 
bling the core in the ring is justified in case of unitary produc¬ 
tion of large-size hydrogenerators. An increase in the capacity 
of the machines and their output due to series production re¬ 
quired a progressive technology of manufacturing a stator unit 
which ensures a smaller production cycle and results in reduc¬ 
tion in the time spent in the assembly shop. 

A sectorwise core assembly which dispenses with assem¬ 
bling, at the factory, the compiled sectors into a ring is at 
present considered to be the most rational process. 

A number of experimental works were carried out at the 
"Elektrosila” factory with a view to master the above method. 
For example, wedges were adjusted along the entire circum¬ 
ference of the frame assembled into a ring. A marking was 
made on the wedges of two sectors at a distance of 1000 - 1200 
mm from the assembly plate. These sectors were removed 
from the ring and mounted separately on the assembly plate. 

Each of them was then adjusted on the plate along the marking, 
and fastened. Next, the core was assembled and pressed in 
the four joined sectors of the incomplete ring, and in the two 
sectors taken out of the stator. After this, the individually 
assembled sectors were connected to the stator. The dowels of 
the joint plates with steel packings between them were mounted 
and the nuts of the tension studs were tightened. Measurements 
taken after this operation confirmed the correct position of the 
sectors along the circumference, core joints and plates. 
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As a result of these experiments, the method of semi- 
sector assembling was worked out. In essence it is as follows: 
Wedges are adjusted in the stator ring, while the core is assem¬ 
bled in one or two sectors of the same ring. When the core is 
finally pressed in one of the sectors, it is removed from the 
ring, and sent for laying the windings after carrying out the 
finishing operations. 

Subsequent, assembling and pressing of the core is carried 
out in each of the remaining sectors and as the work is complet¬ 
ed, they are removed one at a time from the stator ring. (Fig, 
3.1) 


The semisector assembly reduces the production cycle of 
the stator. 

3. 2 Sectorwise assembly 

Basic operations in the manufacture of stators are: weld¬ 
ing the frame, assembling the core and laying the windings. 

At most of the electric machine building plants, the stator 
frame is welded into a ring. This operation is followed by build¬ 
ing up the height and welding the plates to the sector joints, 
joined pairwise by bolts and dowel pins (Fig, 1.3). 

Sectorwise gelding of stator frames is a more progressive 
welding method. Here, the elements of each sector are assem¬ 
bled and welded in a special device. 

The frames of the stator sectors, prepared in this manner, 
have a more accurate geometrical form and a horizontal position 
of the shelves. Besides, they are situated at equal distances 
from the center and relative to each other. However, it is 
practically impossible to make the sectors with the required 
central angle along the joint plates, because of the inaccuracies 
in the large device and its mounting, the inevitable deformations 
during welding and a number of other reasons. Consequently, 
as shown in Chapter one, the bolted pairs of joint plates are 
welded in the device shown in Fig. 1,5 to the sector shelves 
from the side of only one internal plate. Next, after connecting 
the sectors into a ring along special markings on the assembly 
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Fig. 3.1. Hydrogenerator stator for semisector assembly. 

plate and cutting the free side of the adjacent sector, another 
(external) plate from the same bolted pair is welded to the shelf 
of the adjacent sector ( Fig. 3.2 ) . 



Fig. 3.2. Joining the stator sectors in the ring far assembling the active 
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In one particular method of welding in the device, each of 
the sector sides is welded along one joint plate, and subsequently 
the joint surfaces of these plates are machined on a horison.ta.1 
boring machine — column miller — (for obtaining the prescribed 
central angle). But this method cannot be adopted, as the mount¬ 
ing and machining operations are very laborious. 

Arrangement of the wedges and assembly of the core are 
carried out in the frame assembled into a ring; it iB then possible 
to make sure that the segments are truly mounted on the sector 

joints. 

When the core is assembled and pressed, the stator is 
dismantled, as it can be transported only in this form. All the 
conductors or winding coils (except those at the joints which are 
laid at the site) are laid in each sector. 

The technology described here did not result in equal 
(interchangeable) sector arcs. Consequently, they were marked 
at the factory in order to ensure the correct assembly of the 
generator at the installation site. 

The necessity of welding the frame and assembling the 
core in the stator ring made it inevitable to carry out these 
operations successively. As a result, the manufacturing cycle 
for the stator was prolonged to 2.5 months, occupying the area 
of 200 - 300 (depending on the stator diameter) available for 

assembly. 

It is possible to reduce the above production cycle by 
developing a new stator design and a new technological process 
and by using special riggings, ensuring not only the welding of 
the stator frame but also the wedge adjustment and core assem¬ 
bly of each individual sector instead of carrying out the Be opera¬ 
tions in the ring. 

A stator design proposed by the "Elektrosila factory in 
1958, providing a certain clearance at the frame joints, comp¬ 
ressing bolts, tension studs and plates welded from the external 
side of the joint plates for fixing the sector position and the 
method of sectorwise assembly did not find any practical applica¬ 
tion . [ 5 ]. 
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The new design of the split stator (Fig. 3.3), developed 
on the basis of sectorwise assembly, incorporates a progress¬ 
ive idea of making the stator without providing an exact angle 
along the joint blocks. For this purpose, the pairs of joint 
plates joined by dowels are replaced by dowels are replaced by 
blocks 1, while the arc length of each sector frame is reduced 
in comparison with the theoretical length by 20 mm on each of 

1 8 !^f 2 3 4 S \ A clearance of 40 ram is thus formed between the 
joint blocks.- While assembling the compiled sectors of the new 
design into a_stator ring at the site, the joint blocks 1 are 
tightened by studs 2 until the clearance in the core joints is 
eliminated. On the other hand, to fix the position of adjacent 
sectors and to impart firmness to the stator, thick plates 3 are 
laid on shelf joints are welded to each sector shelf 4 along the 
perimeter and the plate holes are plug-welded. 

Such a design permits sectorwise assembly of the core 
without assembling the stator into a ring, at the factory. It 
also compensates for the variations in the dimensions of the 
frame due to deformations during numerous welding operations 
without impairing the connections along the diameters and the 
core joints. 

The technological process of sectorwise manufacture of 
the stator involves the following operations 

1) sectorwise welding of the frame in the device (Fig. 1.7) 
without joint blocks; 

2) arrangement of the sector wedges in a special device 
(Fig. 3.4); 

3) assembling and pressing the sector core; 

4) laying the windings in the sector. 

3. 3 Device for the sectorwise stator assembly 


The device shown in Fig. 3.4 serves to mount the stator- 
frame sectors of Bratsk HEP hydrogenerator. Following opera- 
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Fig. 3.3. Butt joints in stator sectors meant for sectorwise assembly, 

1 - joint blocks; 2 - tension studs; 3 - plate ; 4 - stator frame; 

5 - wedge; € - holes in the plates for fixing them to the shelves; 
7 - core segments. 
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tions are performed with the help of this device on the sector 
(Fig. 3. 3) welded without joint blocks: 

(a) marking and cutting the shelves along the internal con¬ 
tour and the radial joints; 

(b) marking and cutting the grooves for the joint blocks 
and holes for bolts required for tackwelding and welding the 
cover plates to the shelves; 

(c) marking the threaded holes in the upper sector flange 
for fixing the upper spider; 

(d) mounting and tackwelding joint-blocks to the shelves; 

(e) arranging the wedges for fastening the core; 

(f) assembling and pressing the core. 

The last operation may be performed even outside the 
device by mounting the sectors with welded blocks and adjusted 
wedges on pedestals of equal heights. 

The device consists of two strong angles, namely the left 
angle (8) and the right angle (8^). The machined vertical sur¬ 
faces of these angles are set parallel to the joint of 60 sectors 
(GU and GU^) at exact calculated distances from each of them. 
(While describing the device, besides the numerical notations 
for positions, a number of letters, e. g. , A, C s Aj, Cj, have 
been used. The numbers and letters without indices refer to 
the left angle and those with indices to the right one). 


The vertical plane of each angle wall undergoes final 
machining, and a vertically rectangular base groove B is milled 
on it. Iron rings 11 of two movable roller-guide pins 1 are 
fixed to the upper and the lower parts of the same wall in 
two holes along the groove axis. Rotation of the handwheels 10 
on the left of the iron rings 11 leads to their reciprocation. The 
roller-guides serve as a base for fixing the positions of the 
joint blocks while tackwelding them (before welding) to the sec¬ 
tor shelves. 
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On the same vertical plane of each angle 8, a base wedge 
4 is secured at a fixed distance from, the groove axis B, Adjust¬ 
ment of wedges for fastening the sector core is done from this 
base wedge. A special backing 5 positions the wedge axis re¬ 
lative to the sector center in the radial direction. Staircases 7 
and 7j on the angles 8 and 8j facilitate the operations at a 
height. 

Hinged levers 9 and 9. on the same angles along with the 
plumbs 22 and 22j fixed to them are meant for checking the 
verticality of the sector while mounting it on the device. Special 
brackets with horizontal planes (not shown in the figure) are 
welded on the top of the angles 8 and 8j in level with the sector 
flange. The horizontal plane is necessary for marking the 
fastening holes of the upper spider on the upper flange. 

At a fixed distance between the angles 8 and 8p three 
pedestals 14, 15 and 18 with fixing pins 2, 12 and 17 are arrang¬ 
ed for mounting the sector. 

The remaining data concerning the design of angles and 
base pedestals, and their mutual position during sectorwise 
assembly are determined on the basis of the dimensions of hutt 
joints of the split stator, position of end wedges and other 
factors shown in the drawing of the stator sector (Fig. 3. 3). 

The data given below for the individual elements of angles 
8 and 8^ and for their mounting relative to the joints were obtain¬ 
ed for the Bratsk HEP hydrogenerator. As is evident from Fig. 

3. 5 the radial sector joint is reduced along the chord by 20 mm 
on each side and is parallel to the joint of the 60° sector ( KL = 
UN = 20). 


Beams 200 x 60 mm are welded in the rectangular grooves 
of the radial joints of the sector at a distance of 91 mm from the 
inside bore of the shelf (of radius 6010. 0 mm). Sector wedges 
are situated at a distance of 5 ; 940. 5 mm from the stator center 
0. The distance between F, the point of intersection of the axis 
of base wedge 4 and its facade plane which is tangential to the 
circle of radius 5,940. 5 mm, and the point W of the joint of the 
60° sector, is FW = 148.1 mm. 
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In order to determine the angle of inclination a of the 
base wedge 4 to the vertical plane of the angle 8, a perpendicular 
00j is dropped from the stator center O on the base FW of the 
isosceles triangle FOW (Fig. 3.5). From the triangle OOjW, 
we get 

OjW = OW sin a/2; 

sin a/2 = ^ ^ _ 0.0124652; 

OW 5,940.5 

a/2 = 0° 42 1 51"; 
and hence 

/FOW = 2 —= a = 1° 25 1 42 
2 

From the design considerations, the width QV-j of the base 
wedge 4 of the device is chosen as 50 mm, whereas the distance 
between the facade plane of the wedge and the hole axis parallel 
to it is chosen as FV = 80 mm. Holes are provided for fasten¬ 
ing the wedge to the angle. 

Thickness of the packing along the fastening hole axis 
is: 

FQ = 10 mm. 


In order to easily check the correctness of the position 
of the base on the angles and their mutual positions (Figs. 3.4 
and 3.5) by a pin gage, templates 19 are secured at the top 
and the bottom in the corresponding holes along the basewedge 
axis. Likewise, templates 20 are fastened to the base wedge 
4 at the top and the bottom. The cylindrical dowel pins 6 and 
3 are respectively placed in these templates. 

The distance between the axis of the pin 3 and the point F 
of the wedge 4 is FH = 20 mm. 

The distance between axis of the pin 3 and the base of the 
vertical plane of angle 8 can be determined as 

HE = PQ + QVj + VV 2 - 
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Fig. 3.5. Calculations for arranging the angles and the pedestals. 


From the triangle QVV j, 

QV - QV cob a = QV cos 1°25*42 M = 25 x 0.99969 - 24.99 
1 = 25 mm. 
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From the triangle VV^H, 

VV 2 = VH sina - {VF + FH) sin 1°25'42" 

= 100 x 0. 024926 

= 2.49 
= 2.5 mm. 


Hence, 


HE =10-!- 25 + 2.5- 37. 5 mm. 

In order to simplify the subsequent calculations, the axis 
M of the pin 6 on the template 19 is likewise located at a dis¬ 
tance of 37. 5 mm from the plane AE. 

By dropping a perpendicular HS from the point H on the 
radial joint line OG of the 60° sector, we get the length of the 
line MH between the axis of the pins 6 and 3 of the two templates 
19 and 2 0. 

MH = KS = KB + RS; 

KR = 6201.0 — 5920. 5 = 280. 5 mm. 

From the triangle HOS 

OS = OH cos a = 5920. 5 x 0. 99969 = 5918. 66 mm 
Hence, 

RS = OR - OS = 5920.5 - 5918.66 = 1.84?= 2 mm; 


and 


MH = KR + RS = 280.5 + 2. 0 = 282.5 mm. 

The distance between the vertical plane AE of the angle 8 
and the radial joint IN of the sector would be: 

GL = ET = EH + HS + ST. 
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From the triangle HOS, 

HS = OH sin a = 5920. 5 x 0. 024926 = 147. 5 mm; 

CL = 37. 5 + 147. 5 + 20.0 = 205. 0 mm. 

Mutual position of the left and the right angles 8 and is 
determined from the distance between the pin axes HH^ and 
MM, at the corners of the isosceles trapezoid {Fig. 3. 5 

A perpendicular Q0 2 is dropped from the vertex O on the side 

HHj . 

From the triangle OO^H, 

HO = OH sin(3 = 5920.5 sin 31°25 r 42" 

Ld 

= 5920. 5 x 0. 5214317 
= 3087. 136 mm. 

Hence, the shorter side of the trapezoid is 

HH 1 = 2 x 3087.136 = 6174. 272 mm, 

and the longer side is 

MMj = HHj + 2M 2 H 

From the triangle MM^H, 

M 2 H = MH sin 30 ° = 282. 5 x 0. 5 = 141.25 mm; 

MMj = 6174. 27 + 2 x 141.25 = 6456.77 mm. 

From technological considerations, since the sector 
joints are displaced towards the center as a result of welding 
deformations { cutting the shelves, welding the corner plates 
of the wedges to the shelves), the radii of the angles from the 
center O ( OH and OHj) are increased by 1 mm, i. e. , 

OH = 5920, 5 + 1.0 = 5921.5 mm. 
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Consequently, the center distance is taken as 

HH X - 6175.31 instead of 6174.27 mm; 

MMj = 6457. 81 instead of 6456. 77 mm. 

Diagonal of the trapezoid (MHj = HMj ) is determined 
from the triangle MM 2 H 1 : 

2 2 

MHj^ = MMj + M 2 Hj 

The triangle MM 2 H gives: 

MM 2 =yMH 2 - M 2 H T ^ J( 282.T) 2 ~ (141.25 )* = 244. 5 mm; 
M z H l * HH X + M 2 H = 6175.31 + 141.25 = 6316.56 mm. 
Hence MHj = /{ 244. 5> 2 + (6316. 56) 2 = 6321.3 mm. 

The angles and their installation, designed on the basis of 
these calculations, are shown in Fig. 3.4. 

The design of the stator frame described above for sector- 
wise assembly (Fig. 3.3) and the devices employed (Fig. 3.4) 
ensure the manufacture of the hydro generator stator having 
dimensions with permissible deviations from the nominal values. 
They have the following significant advantages. They: 

1) permit the organization of continuous production of 
stators; 

2) reduce the stator production cycle period almost by 
half and hence also the load on the assembly area ( Fig. 3.14), 

3) facilitate mechanization of individual operations of 
assembling and pressing the core; 

4) distribute the load of manufacturing the stators uni¬ 
formly over all the shops (welding, assembling and winding 

shops). 
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The above computations for the angles 8 and 81 were based 
on the fact that the base wedges 4 and 4j are situated at a short¬ 
er pitch from the joint (Fig, 1.2). Hence, the wedges were 
adjusted in the stator by two different templates ( Fig, 2. 8 , a 

and b) which were used while assembling the stator into a 
ring. 


It should be noted that in a sectorwise assembly,in which 
the wedges are situated near the joints at a shorter pitch, the 
wedges can be arranged only by the template of larger pitch 
(Fig. 2. 8 , a). It is obvious, that, in such a case, calculations 
should be carried out according to which the base wedges 4 and 
4 1 would be moved away from the joint to a greater distance. 

3. 4 Installation of the device for sectorwise assembly 

A 9500 x 3000 mm rectangle, corresponding to the space 
occupied by the stator sector together with the device ( Fig. 3*4), 
is marked on the assembly plate by chalk. From the point X 
situated somewhat above the center of the line 9500 mm, a 
perpendicular about 7000 mm long is dropped. With O as center, 
a circle is drawn with a diameter 50 mm greater than that of 
the lower plate 15 of the marking column { Fig. 2. 3). 

The column is so mounted that the disc 1 5 is concentric 
to the above circle. Next, the verticality of the ground cylindri¬ 
cal stand 3 of the column is checked. It should not deviate by 
more than 0 . 1 mm per meter of its height. 

The pin gage is secured on the column and the horizontal 
position of its axis is checked. After adjusting it for measuring 
a length of 6830 mm, a point Y along the line OX on the circle 
of radius '6830 mm is marked. Arcs of radius 3535.2 mm are 
drawn from this point on both sides by a marking compass. 

This radius corresponds to the chord of a 30° central angle of 
the circle of radius 6830 mm. In order to find the points of 
intersection of the arcs of radii 3535 . 2 and 6830.0 mm, the 
marking angle is moved along the arc of radius 3535. 2 mm till 
its vertical plane touches the micrometer head of the 6830 mm 
pig gage mounted on the column. Points G and are marked 
on the plate by a punch. Then a 6010. 0 mm pin gage is fixed to 
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the column and a point Z is marked on the line OX. On both 
sides of the point Z, arcs of radius 3110.7 mm corresponding 
to the chord of a 30° central angle of the circle of radius 6010. 0 
mm are drawn by a marking compass. 

Points of intersection of arcs with radii 6010. 0 and 
3110. 7 mm ( U and Uj) are found by a method similar to the 
above one. The lateral contours of the 60° sector shelf are 
determined_by joining the pairs of points G, U and Gj, Uj. Two 
parallel lines are marked at 20 mm from the lines GU and GjU^. 
Intersection, of the former with the arcs of radii 6830.0 and 
6010.0 mm determines the joint of the stator sector of the 
Bratsk HEP hydrogenerator reduced along the arc. 

By drawing the lines AE and AjE^ parallel to the joint 
lines and 205 mm away from them, we find the required radial 
positions. The vertical planes of each of the base angles 8 
and 8j should be set in agreement with these positions. 

As was mentioned earlier, templates 19 and 20 with 
extended cylindrical dowel pins 6 and 3 (Figs. 3.4 and 3.5) are 
fitted on the upper and the lower portions of the rectangular 
groove B and on the base wedge 4 to facilitate checking the 
mutual positions of the groove and the wedge axis by a pin gage, 
and taking measurements at the top and the bottom during pro¬ 
duction. This is necessary on account of the great height of a 
stator sector. 


The pin gage is also used for measuring the sides and the 
digonals of the trapezoid. Since the diameter of the dowel pins 

3 and 3^ is 12 mm, we will have the following readings on the 
pin gage; 

i . |jjj 

OH g = OH^ s - 5921, 5 - 6.0 = 5915.5 mm; 

if 

~ 6175. 31 - 12.0 = 6163.31 mm; 

MM ls = 6457. 81 - 12. 0 = 6445. 81 mm; 

^^1 s = ^^1 s “ 6321.3 - 12.0 - 6309. 3 mm. 
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If the angles 8 and 81 are mounted truly, the axes of the 
pins 6 and 6 ^ 3 and 3 X of the templates 19 , 19 X and 20 , 20 * 
should lie, in plan, on the vertices of the isosceles trapezoid 
MMjHHj whose axis of symmetry passes through the column 
center which is the same as the stator center O ( see also the 
tally card in Fig. 3.6). The values obtained from calculations 
for the installation of a stator sector of the Bratsk HEP hydro- 
generator are given in the same figure over the rectangles. 

The distance between the cylindrical pins of the templates 
L 9 and 10 for each angle and the position of these axes from the 
base vertical planes, as pointed out earlier, is constant and is 
given in the tally card ( dimensions 282. 5 and 37. 5). On the 
other hand, radial distances up to wedge 4 are measured by a 
pin gage from the cylindrical rod of the block to the cylindrical 
pin of the template 20. Actual data measured at the top and the 
bottom are inserted in the rectangular spaces. 

The angles are mounted in the following order:- the left 
angle 8 is preliminarily mounted by positioning its machined 
vertical plane along AE and the pins 3 of the templates 20 at a 
distance OH — 5915.5 mm from the center, 

b 

The vertical position of the plane of the angle 8 is regulat¬ 
ed by means of compressing bolts in its upper base; in this 
case, a deviation of 0. 1 mm per meter is permitted. Likewise, 
the vertical plane of the right angle & x is preliminarily mounted 
along the line AjE^ . 5 or this, the distance between the pins 

3j of templates 20^ and the stator center OH^g — 5915.5 mm is 
measured. The distance between the pins 3 and of the temp¬ 
lates 20 and 20 j of the two angles, i. e. the shorter side of the 
trapezoid HHj = 6163.31 mm, is also measured. 

If the lengths OH s , OH lg and HH ls are within permissible 
limits, the diagonal of the trapezoid MH ls = 6309.3 mm and 
the longer side of the trapezoid M.M^ S = 6445. 81 mm are 
measured. 

In case the diagonals are not equal, the position of the 
right angle is adjusted by rotating it about the point Hj, Thus, 
by changing the longer side of the trapezoid MMjg and the 
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diagonal HMj g , they are adjusted to the required dimensions. 
Finally, the diagonal MHj s is measured and if it deviates from 
the permissible dimensions, the left angle 8 is rotated about the 
point H. 

Each time the angle is displaced before measuring the 
lengths, it is essential to bring its base plane and the wedge 4 
in the vertical position. 

When all the dimensions are finally adjusted, both the 
angles are fastened to the base and the assembly plates. Values 
of OH s , OH la , HH ls , MMjg, and MHj s are rechecked and the 
angles are fixed to the plate by dowel pins. Installation of the 
pedestals is then taken up. 

The left pedestal 14 is so installed that the locking pin 
12 is at a distance of 6830 mm from the center and 395 mm 
from the vertical plane of the left angle 8. In such a case, the 
pin 6 would be situated at a distance of 145 mm from the same 
plane. 


hocking pin 17 serves as a base for the installation of 
the right pedestal 18. It should be situated at a distance of 
6380 mm from the pin 12 of the left pedestal and 6830 mm from 
the center 0 of the stator. The right face of the base of this 
pedestal should be approximately parallel to the left face of 
the base of the angle 8^. 

The central pedestal 15 is placed on the plate in such a 
manner that its axis coincides with the axis of symmetry of the 
installation and that the front face of the pedestal is at a dis¬ 
tance of 200 mm from the point Z. 

The upper bearing surfaces of all the three pedestals 
should be at the same height, i. e. 145 + 0. 5 mm away from the 
axis of the lower roller pins of each angle (Fig. 3.4). 

When all the pedestals are positioned correctly, their 
bases are fixed to the plate and pinned. 

A tally card giving the data of mounting of the device for 
sectorwise assembly ( Fig. 3.6) is prepared for each stator. 
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Fig, 3.6. Tally card for mounting the angles and pedestals during sectorwise 
assembly. 

*DTC - Department of Technical Control. 

The actual main dimensions should he checked by the foreman 
of the shop and that of the Department of Technical Control and 
entered in the corresponding column of the service sheet before 
placing the first sector in the device. 

Later on, while mounting each of the subsequent five 
sectors in the device, only the radii OH g and OHj s and the 
smaller side of the trapezoid HH^ S are measured and the 
results entered in the service sheet. 

In case of sectorwise core assembly, the stator sector 
may either be left in the device after the wedges are adjusted 
or taken out of it to the plate. 

3- 5 Technology of sectorwise assembly and pressing the core 

Mounting the sector in the device 

The frame sector is so mounted on the pedestals 14, 15 
and 18 (Fig. 3.4) that the external cylinder of the lower shelf 
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touches the two locking pins 12 and 17, whereas the left shelf 
end adjoins the pin 2 of the pedestal 14. 

The bolts of the jacks 13 on the pedestals 14, 15 and 18 
regulate the vertical position of the sector. This is checked 
by means of plumbs 22 and 22j fixed to the angles 8 and 8j. 
Permissible deviation along external cylinders of the upper and 
lower flanges at the joints is + 7 mm. 

The sector is then fixed to the pedestals by clamping bolts 
and planks 1"6. 

Marking and cutting the shelf along the radius 

Template 21 (Fig. 3.4) is placed on each of the shelves 
at the left sector joint; the template lug is inserted in the rec¬ 
tangular groove B by pressing it to the vertical plane of the 
angle 8. 

Each shelf is marked for cutting from the side of the 
internal cylinder. The right sector joint is likewise marked 
with the help of the same template turned through 180° and 
placed near the right angle 8j_. The shelves are cut along the 
marking either by cutter or by pruning shears fixed to the 
column beam. 

After the shelves are cut, the frame is unfastened and 
taken to the base pins and fixed so as to reduce the stresses 
and deformations in it after cutting. 

After this, uniformity of the contact between the external 
cylinder of the lower shelf as well as the left radial joint and 
the pedestal pins is checked. 

Marking the ends of shelves and cutting them 

Each shelf is marked with the help of the template 21: 

1) for cutting the ends (for the sector shortened by 20 mm 
on each side along the arc); 

2) for cutting the grooves for joint blocks; 
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3 ) for cutting two 60 mm holes in the upper shelves and 
four holes in all the remaining shelves for fixing the plates 3 
(Fig. 3.3). 

The shelves are cut along the marking, and grooves and 
holes are cut in them. 

Mounting the blocks near the sector shelves 

An eyebolt is screwed in the threaded hole at the end of the 
block for lifting it by a crane and the block is lowered to the 
corresponding cut in the shelves. The block is fixed in the 
correct position by means of cylindrical roller pins 1 introduced 
in two extreme holes of the joint block at a distance 1 j]_ from 
each other (Fig. 3.4). By rotating the handwheels 1 0 of the 
angles 8 , the block is pressed to the sector shelves so that it 
takes its position parallel to the vertical plane of the angle. To 
ensure the coincidence of the holes in the joint block while 
assembling two adjacent sectors, the holes are drilled in a jig 

{Fig. 3.7). 


The fixture is a welded structure consisting of a channel 
4 . Brackets 3 are welded to the shelves and the end faces of 
this channel to accommodate base rests 2 , and brackets 8 are 
welded for clamping screws 7. Square steel pieces 6 are weld¬ 
ed inside the channel to impart rigidity and to permit the move¬ 
ment of bushings 5 . Such a light-duty structure enables one 
or two workers to shift the jig. 


The block blank cut from 60 mm sheets is dressed and 
its one end face and two lateral ones are machined so as to 
facilitate its proper mounting on the jig. The jig is then laid 
on the block 1, taken to the support 2 and clamped by screws 7 

30 mm holes are drilled in the jig which is then removed 
and central 60 mm holes are reamed. The two extreme holes 
are machined to a diameter of 6 OA 3 since they serve as bases 
for fitting the guide 1 of the joint blocks (Fig. 3.4) at the time 
of tackwelding them to the shelves of the frame sector in a 
device. 
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Tackwelding and welding the joint blocks to the shelves 

The spars should be tackwelded from the inside of the 
blocks to avoid wedging of the rollers due to block deformations. 

When the blocks are tackwelded to the shelves, and 
before welding them, the roller guide pins 1 are removed from 
the joint holes by rotating the handwheel 10 . Without removing 
the sector from the mounting, the* joint blocks are welded to 
the shelves. 

After welding, the sector is chiseled, filed and cleaned 
from inside to remove welding dripping and burrs. 

Marking the two grooves of holes for fixing the upper spider 

As seen from Fig. 3 , 8 , holes are marked in the sector 
mounted and fixed in the device ( Fig, 3.4) at the time of weld¬ 
ing the joint blocks or fitting the wedges. 

Dimensions Rj, R 2 , R 3 taken from the sector drawing, 
serve as basic data. 
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Fig. 3. 8. Marking holes in the stator sector for fixing the upper spider. 

1 - left angle; 2 - sector; 3 - column; 4 - right angle. 

An arc of radius ( Fig. 3.8) is drawn either with the 
help of column 3 on the upper flange of sector 2 and the hori¬ 
zontal space of angles 1 and 4 at the same level as the flange, 
or with the help of specially welded brackets. Points A and A^ 
situated at an arbitrary equal distance B = B j from the vertical 
machined planes of the angles are then marked on the horizontal 
space. With A and Aj as center and computed radius Rj, arcs 
are drawn to cut the arc with radius at C and Cj. Centers 
of the four required holes d intended for fastening the upper 
spider are then located by drawing arcs with C and and 
centers and R^ as radius to cut the arc of radius R^. 

Drilling and threading of these holes is done after the 
sector is removed from the device. 

Arrangement of wedges near the first and fifth shelves 

The operations of preliminary mounting of wedges for 
fastening the core, tackwelding the corner plates to them and 
marking as well as welding the corner plates to the wedges are 
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carried out in the same manner as when assembling the stator 
into a ring {see 2.4). 

The dressed wedges with the comer plates welded to them 
are mounted at their respective positions as per the marking. 
The wedges are arranged in three stages according to Fig. 3. 9. 


3rd step 




Fig. 3.9. Arrangement of the sector wedges in the device for sectorwise 
assembly. 

a - wedges arranged in the given stage; b - wedges arranged in the 
previous stages. 

Fi rst stage : With the help of the templates ( Fig. 2.8, b), 
wedges 1 and 2 are arranged from the left base wedge 4 of the 
device. Similarly, wedges 17 and 16 are arranged from the 
right base wedge 4j ( Fig. 3.4). The corner plates of these 
wedges are tackwelded to the first and the fifth shelves. These 
four wedges, serving as base wedges, should be mounted strict¬ 
ly vertical as per the level. The permissible deviation along 
the radius of the fitting of these wedges is + 1. 0 to + 0. 8 mm, 
whereas the maximum radial deviation between various points 
of each wedge and the center should not exceed 0. 5 mm. 

Second stage r With the help of the templates (Fig. 2,8, a), 
wedges 5 and 8 are mounted along the wedge 2, and wedges 13 
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and 10 along the wedge 16, and the corner plates are tackwelded 
to the first and the fifth shelves. 

Third stage: The pitches between wedges 8 and 10 are first 
checked and all the intermediate wedges 3, 4, 6, 7, 9, 11, 12, 

14, 15 are mounted, by taking as base the wedges of the second 
stage. The intermediate wedges are then tackwelded to the 
first and the fifth shelves. Permissible radial deviation for 
wedges of the second and third stages is + 0, 7 to 0.0 mm, 
whereas between two adjacent wedges, it should not exceed 0.3 
mm. In case the wedges 8 and 10 do not coincide along the 
pitch, the distance between them is increased or reduced by 
every one pitch within a limit of 0. 15 mm. While doing so, the 
arranged wedges are hammered back till the deviation along the 
pitch lies within the permissible limit controlled by the template. 

The operations of fitting of the wedges, tackwelding and 
welding the corner plates of all the remaining shelves are 
carried out in the same manner, as when assembling the stator 
into a ring, by taking wedges 4 and 4^ of the angles as base. 

A tally card is made wherein record is kept about the 
radial measurements of all the wedges of the remaining shelves, 
and the measurements along the chord of the wedges 1,2, 17 and 
16 of all the shelves. 

The procedure qf sectorwise assembly and pressing of the 
core, following the adjustment of wedges, is similar to that 
used in assembling the stator into a ring. We may carry out 
this either in the device under reference (Fig. 3.10), or outside 
it. In the latter case, it is essential to perform two operations: 

1) Removal of the s ector from the device . On the two 
extreme and central wedges, marking is done at a height of 
1000 and 1200 mm from the plate. The sector is unfastened and 
taken out of the device. 

2) Fastening the sector outside the device (Fig, 3,11). 
Sector 1 is mounted on three pedestals of equal heights: extreme 
ones 3 and 8, and the central one 6. It is then adjusted by jacks 
along the marking on the stator wedges, and fixed on pedestals 
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Fig. 3.10. Sectorwise assembly. 

a - arranging the wedges; 6 - assembling the core. 




157 















ZUNDELEVICH fc PFUTKOVSKII 




Fig. 3.11. Sectorwise assembly of active steel outside the device. 

a -general view; b - fastening the sector to the plate. 

by means o£ eight planks 2 and eight studs 4. The pedestals, 
in their turns, should be reliably secured to the stand plate. 
Four 60 mm holes 7 are then marked and drilled in the lower 
sector shelf. Six tension studs are additionally mounted in 
these and the two other holes 5 (from the eight holes in the 
lower shelf meant for fastening the base plate) and the sector is 
tightened to the plate. Such a method of fastening is necessary 
for preventing the separation of the sector from the plate during 
core pressing. 

3 . 6 Design of the device for sectorwise assembly 

The angle -devices for the sectorwise assembly consume 
a large quantity of metal and as such their making is quite 
tedious. In order to render the devices universal, i.e. , 
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suitable for all types of hydrogenerators, it becomes necessary 
to design them with maximum values of the following parameters: 

- distance between the base plane of the angle plate 
and the axis of the first hole of the holder (Fig. 3. 12); 

Ijj - maximum distance between the axes of the upper 
and lower holders. 

In this case, consideration should be given to the variety 
in the designs of: 

1) frames, in which the lower shelf is situated above the 
lower base flange at a height of H 4 £^600 to 700 mm (Fig, 3, 12); 

2) frames, in which the lower shelf and the flange are 
situated at the same level (Fig. 3.3 and 3.4), and, consequent¬ 
ly, h 4 ~ O. 

As pointed out earlier, during sectorwise assembly, the 
sector is mounted with its lower flange (of the shelf) on special 
pedestal supports (Fig. 3.4 and 3. 12). (In these figures the 
same positions are denoted by the same numbers). 

Following elements shouLd be incorporated in the above 
pedestal supports: 

a) stops for the lower sector flange; 

b) horizontal jacks with the help of which the lower 
sector flange is brought up to the stop, as well as jacks for 
levelling the sector in the vertical plane; 

c) bolts and planks for fastening the sector. 

On the basis of design considerations, at the "Elektro- 
sila" factory, the maximum distance H 2 between the angle base 
and the first base hole is about 950 mm. 

Support height is determined from 

H 3 = h 2 - (H 4 + H 5 ), 
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where H 4 - distance between the Lower thrust flange and the 
first shelf ( in frames, in which the lower shelf 
functions as a flange, = 0); 

Hcj - distance between the plane of the lower shelf and 
the axis of the lower base hole. 

Maximum value of L 1 is taken as 2300 mm. 

The angle of inclination a of the base wedge axis with 
the radial joint (Fig. 3.5) which is the same as the one with 
the vertical plane of the angle, the distance MH between 
cylindrical pins 6 and 3 of templates 19 and 20, as well as the 
distance CL. between the plane of the angle and the joint block 
are determined analytically from the stator dimensions in the 
drawing. 


The distance HE ( Fig. 3.13) is chosen as constant, and 
is equal to 35 to 40 mm. 

The angle device, designed on the basis of these pre¬ 
requisites, may be fundamentally considered to be universal, 
needing little readjustment when changing over to sectors of 
other types. 

Readjustment of the device : The first set of angles were meant 
for the stators of Bratsk HEP hydrogenerators. Then, it was 
found necessary to make stators for the Votkinsk HEP hydro- 
generators by the method of sectorwise assembly. 

The following is a concrete example of employing the 
angle devices used for the stator of Bratsk HEP hydrogenerators 
(Fig. 3.4) in the manufacture of the stator of Votkinsk HEP 
hydrogenerators. Wedges of the latter are located at equal 
pitches along the circumference and consequently the arrange¬ 
ment of Fig. 3. 5 is suitable for them. Fig. 3,13 shows a simi¬ 
lar arrangement differing only in that the dimensions of welded 
joints for stator sectors of the Votkinsk HEP hydrogenerator 
are shown here. 

Estimation of inclination a of the axis of the base wedge 4 to the 

vertical plane of angle 8 (similar to that on page 142 ). In the 
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Fig, 3.13. Computation for arrangement of angles and pedestals during sec¬ 
tor wise assembly of the stators of Votkinsk HEP hydrogenerators. 

isosceles triangle FOW, a perpendicular OOl is dropped on the 
base FW. The triangle 00j W gives 

O l W = OW sin a/2 
°1 W 

sin a/2 = —- = . ?2. 65 = o. 01246618 

OW 7430.5 

a/2 4 0°42'5l.4'\ a = 1°Z5'43 , \ 

Estimation of distance LN between th e point L on the joint- 
block axis and the point N on the shelf bore. A perpendicular 
HS is drawn from the point H to the radial line OG of the 60° 
sector. As seen from Fig. 3.13, KS ~ MH consists of four 
segments: 


KS = KU + UW 4 WR + HS, 
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Fig, 3.12 shows a general view of the rearrangement of 
the device for the Bratsk HEP hydrogenerator { Fig, 3.4) 
which after making certain modifications in the latter, is suit¬ 
able for the Votkinsk HEP hydrogenerator. 

As a rule, the lower stop 23 of the angle is used as base 
for the lower holes of the block of any sector. In the stator of 
the Votkinsk HEP hydro generator, the upper holes of the joint 
block are 14^5 mm away from the lower ones { in Bratsk HEP 
stator, they are 2210 mm away). Consequently, in the angles 
of the Bratsk HEP stator, it is essential to drill new holes along 
the axis of the groove B and to transfer there the upper iron 
ring 10 with the guide 1 or prepare a new ring. Preparation of 
the angl.es ends here. Besides this, it is necessary in the case 
of any other stator: 

1) to design and construct a jig for drilling holes for ten¬ 
sion studs in the joint blocks; 

2) to design and construct supports 14, 15 and 18 of 
corresponding heights, with stops 24, horizontal jacks (wedges) 
25, bolts and planks 16. In the case of sectorwise assembly of 
the stator, where the lower shelf serves as a thrust flange (Figs. 
3.3 and 3.4), the supports areveryhigh. This is necessary for 
accommodating the jacks that support the lower pressure racks; 

3) to design and construct new templates 21 for marking 
the shelves for cutting along the radius and the joint, and for 
cutting grooves to accommodate joint blocks and holes for 
plates. 

Computations for mutual arrangement of the angles and 
supports, as well as for the sides and diagonals of the trapezoid 
should be done according to the above formulas, but as per the 
actual dimensions of the stator to be assembled. 

3. 7 Comparative graphs of production cycles of stators: 

Assembly of core into a ring (Fig. 3, 14, I) 

The overall period of stator manufacture, viz. 81 days, 
involves the following operations: 
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Fig. 3.14. Production cycles for manufacturing the stators. 

1 - assembly of core into a ring; 11 - semisector core assembly; 
III - sectorwise core assembly. 


a - b. Welding of individual sectors with their subsequent 
assembly into a ring, and welding of joint plates. 

b - c. Assembling the sectors into a ring cutting the 
shelves, arranging the wedges; assembling and pressing the 
core. 


c - d. Dismantling the stator into sectors; finishing and 
filing one sector and mounting bandage rings. 

d - e. Finishing and filing other sectors; mounting band¬ 
age rings. 
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e - f. Laying the windings in all the sectors. 

Semisector core assembly ( Fig. 3. 

The overall period of stator manufacture, viz. 72 days, 
involves the following operations:- 

a - b. Welding of individual sectors followed by their 
assembly into a ring and welding the joint plates, 

b - c. Assembling the sector into a ring, cutting shelves; 
arranging wedges; assembling the core along the entire ring; 
assembling and final pressing of steel in one sector. 

c - d. Removing one sector from the ring; finishing and 
filing it; mounting bandage rings, 

d - e. Continuing the assembly and the pressing of the 
core in remaining sectors; their successive removal from the 
ring; finishing and filing the sectors. 

e - f. Laying the windings in individual sectors as they 
become ready. 

Sectorwise core assembly (Fig. 3,14, HI). 

The overall manufacturing period is 42 days. Cutting of 
sector shelves and arrangement of wedges is done in the device. 

The core is assembled outside the device in the assembly 
section of the shop. 

Following is the manufacturing cycle of the first sector:- 


a - b. Sector welding without joint blocks. 

b - c. Welding of joint blocks; cutting shelves and arrang 
ing wedges in the device. 

c - d. Assembling and pressing the core. 

d . e. Finishing the sector and mounting bandage rings. 
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/ 

e - f. Laying the windings. 

i 

As seen from. Fig. 3.14, III, the start of the welding ag 
of the second sector is shifted from that of the first aj by half 
the overall welding time, i. e. , by 2. 5 days. This is due to the 
alternation of work of the assemblers and the tackwelders with 
that of the welders: having worked for about 2.4 days at the 
assembly and tackwelding of a sector in the device, the assemb¬ 
lers and the tickwelders go over to similar work on the sector 
in the other device, and their place in the first device is taken by 
welders. 

' \ 

• ’ I 

Similar alternation of work during welding is also repeat¬ 
ed in subsequent sectors too. Such slight delay feed ( by 2. 5 
days) in sending, for example, the second sector for welding 
(point b£ on the graph) does not hold up the other operations 
(portion b 3 - c z^' ^his *- s due to tke * ac t that the first sector is 
still in the device for shelf cutting and wedge adjustment [por¬ 
tion bj - ci with the work extending for 4 days). 

Consequently, while changing over from the ring arrange¬ 
ment of wedges and the core assembly, through the semisector 
assembly, to the sectorwise assembly, the production cycle 
reduces correspondingly from 81 to 72, and finally to 42 days. 


» . 


i V 
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CHAPTER IV 


ROTOR 


4 * 1 GeneraI.Characteri3tics 

Unlike the stator which is just one large subassembly in¬ 
volving insignificant amount of machining operations the rotor 
of a hydrogenerator (Fig. 4, 1) consists of many labor-consuming 
subassemblies and elements of large size and weight machined 
on special lathes, turning and boring machines, milling machines 
and drilling machines. 



Fig. 4,1, Flywheel type rotor with assembled poles. 


While making the rotor and other large subassemblies of 
hydrogenerators, it is also expedient to employ portable machine 
tools. They may be installed on or near the elements, thus per¬ 
mitting in some cases the work on one element to be carried out 
by several machine tools simultaneously. 
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Machining of large hydrogenerator elements, including 
rotor subassembly, has a specific feature: not only fitting, but 
machine adjustment, too, is permissible here. In such a case, 
for each deviation of the fitting surface (plane) a tally card 
should be drawn up and the actual dimensions obtained should be 
shown in it. If the deviation is admissible from design considera¬ 
tions, it should be taken into account while machining the surface 
(plane) of mating elements. 

Thus, for example: 

a) cylindrical collar of the shaft flange is turned as per the 
turning tally card of the mating shaft prepared by the turbine 
supplier; 

b) turning diameter of the rotor shell along the wedge strip 
of the arms should be in accordance with the internal ring dia¬ 
meter of the segments of the rotor rim; 

c) adjustment of thrust bolts of the step bearing, with3 1/2” 
- 4 M pipe threads, to the corresponding nuts in the frame, is 
permitted. 

Simultaneously with this, a requirement of complete inter¬ 
changeability is imposed upon a number of elements of the rotor 
such as the steel jaws framing the compiled core of the pole and 
the damping segments. 

In some rotor designs, the braking segments also should 
be interchangeable: when they are made on the rotor rim and 
fastened to them by long studs passing through the entire rim 
thickness, the holes in the braking segments should coincide 
radially and along the pitch with the corresponding holes in the 
stamped rim segments. 

4.2. Types of rotor shells 

A rotor sh'ell is a welded or welded-assembled subassemb¬ 
ly with two base surfaces: 

1) with a central hole for putting the shell on the corres¬ 
ponding step of the shaft; 
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2) with the external surfaces of wedge strips and the pro¬ 
jections ("teeth") on them for supporting the compiled rim. These 
surfaces are machined either along the cylinder or along the 
vertical planes. 

Rectangular grooves of the wedge strips of two adjacent 
arms should also be vertical and equidistant from each other. 

Projections on the lower ends of the strips meant for 
supporting the rotor rim should lie in one (horizontal) plane per¬ 
pendicular to the vertical plane of these strips. 

At the factory, manufacturing the generator, rotors of 
large generators are not assembled completely; only the rotor 
shells are assembled. Rotor rim is also not compiled here, be¬ 
cause its dismantling would be inevitable during transportation. 
For this reason, the rim of large hydrogenerators is compiled 
at the installation site and for control purposes only a few rows 
of segments are laid around the wedge strips of the arms while 
assembling the rotor shell at the factory. 

Depending upon the size, the rotor shells are of three 
different designs: the drum type (Fig. 4.2), the disc type (Fig. 

4. 3), and the flywheel type (Fig. 4. 1). In the disc type, the 
shell and the rim form one unit, while in the drum and the fly¬ 
wheel types, rim of individual segments is assembled on the 
shell. 

Up to a shell diameter of 4. 5 m, one-piece drum and 
disc type are employed. If the diameter is more than 4.5 m, 
split drum and flywheel shells of two types are employed: 

1) central cast bushing joined to the arms by means of two 

discs; 

2) central welded part joined to the arms by means of 
joint plates. 

The welded constructions of rotor shell of large hydro- 
generators, whose diameter of wedge-strip arm is as large as 
15,000 mm at the rated peripheral velocity up to 80 m/sec, re¬ 
quire a high quality of assembling and welding operations. The 
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Fig. 4.2. The drum type shell. 



Fig. 4.3. Disc type shell with the rim fitted on a shaft. 

1 - shaft; 2 - disc of the shell; 3 - plug weld; 4 - T-groove (slots). 
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uhkeying of the heated rim assembled on the shell provides 
necessary mating at the installation site only when the welded 
shell elements are fitted to each other with special care. 

Shrinkage of the heated rim with clearances between 
radially situated elements may impair the required mating and 
may even lead to the destruction of the welded joint. 

4,3. Drum and disc shells 

Fig. 4 . 2 shows a welded one-piece drum shell consisting 
of a cast bushing 1, discs 2 and 6, ribs 3, corner plates 4 and 
wedge strip 5. The rotor rim is assembled from individual seg¬ 
ments (not shown in the figure). 


Disc blanks are cut out of a sheet and the internal holes 
are drilled In it for fitting the shell on the bushing. Grooves or 
the wedge strips are then marked in the discs laid one a 
other and adjusted along the bore. Marking on the upper disc is 
transferred to the cylindrical surface of lower disc 6 with th 
help of the angle. While assembling the shell, the lower dis 
mounted on packings ( of equal heights ) and the positions o£ 
radial ribs 3 are marked on it. The bushing 1 is then 
the bore of this disc and is tackwelded to it. Afterwards, the 
radial ribs 3 are placed on the disc flushing against the bus mg 
and are tackwelded by keeping the clearance between the bushing 
and the ribs minimum but not more than 2 mm. The ri i g 
should correspond to the portion of the bushing L between sharp- 

enings. 

The upper disc 2 is mounted on the rib and the second 
sharpening of the bushing in such a way that the wed S e “* tri P 
seats, cut out in them, coincide with similar grooves of the low¬ 
er discs. This operation is checked by means o a p 
diametrically opposite points. 


When the upper disc is tackwelded to the ribs by an over¬ 
head joint and at the top to the bushing, wedge strips 5 are mount, 
ed, fitted along entire rib height and tackwelded. Corner plates 
4 are then mounted and tackwelded as per the marking. 
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Welding of the shell is mainly carried out manually. It 
commences with the welding of the radial ribs to the bushing and 
the wedge strips to the radial ribs in a vertical position. On the 
other hand the ribs are welded to the discs with the help of semi¬ 
automatic machines on diametrically opposite sides in a back- 
stepped order. 

Wedge strips are welded to the discs at the top as well as 
at the bottom only along alternate strips, since the intensive 
local heating of the discs may lead to their deformation. 

Welding operations on the reverse side of shells are per¬ 
formed in the same manner after turning them over. 

The shell (Fig. 4.2) is machined on a turning and boring 
lathe and column miller. It is more rational to perform the 
following operations in one mounting: turning the external wedge- 
strip surface, boring the central holes, cutting the bushing faces 
and boring the bearing plane and the slot for the braking seg¬ 
ments, etc. (unit I). In this case, the shell is mounted on the 
face plate of the machine tool on small padestals, adjusted along 
the marking by jacks and fastened to the face plate by bolts and 
cleats in windows cut in the upper discs 2. 

Machining of the wedge-strip grooves on column miller is 
also done as per marking after matching them with the grooves 
of the rotor-rim segments laid around the shell. 

Holes in lower disc for fastening the braking segments are 
drilled, as per marking, on a radial drilling machine. 

Fig. 4.3 shows a disc shell with the rim. Discs 2, assem¬ 
bled in packets, are joined together either by tension studs pass¬ 
ing through the through-holes in the packet or by plug welding 3 
visible at the extreme shell disc. 

In case of such a shell design, the preparation of discs on 
a gas-cutting machine is the most arduous operation. If sheet 
of required width is available, a circle of required radius is 
marked and the blank is cut. In case the width is leBs than the 
disc diameter, another sheet of the same thickness should be 
welded to make up the deficit. 
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A small central hole ( Fig. 4.4, a) is drilled in the blank. 

It is further laid on the centering axis of the swivel dividing 
table in front of the gas-cutting machine and the faces are cut 
as per a special master disc. T-grooves (with machining allow¬ 
ance) are then cut for fixing the dovetails of the pole cores (Fig. 
4.4, b). The first groove of each disc is marked by paint and 
the disc is assembled in the packet with this groove as a guide to 
prevent accumulation of inaccuracies. After this, the central 
fitting hole for the shaft with machining allowances as well as 
holes for plug welding to join the discs together are marked and 
cut (Fig. 4.4', c). 



Fig. 4.4. Gas -cutting of the disc shells. 

a - disc with a hole for the centering axis of the swivel table; 
b - disc after cutting the first groove and the face; c - disc with 
the faces, grooves, central hole and holes for plug welding cut in 
it; d - the groove and the face with machining allowances. 

A template is used to mark holes for plug welding which 
should lie in a chessboard pattern in two adjacent discs. To 
avoid errors, this is done in following manner: Sequence numbers 
1 ,2,3 and so on aregivento the discs, and the template is painted, 
white on one side and red on the other. It is laid with the 
white face up on all, say, odd discs, and the holes are marked. 
The red face is placed on even discs and the holes are marked. 
The template is fixed as per the T-grooves. 

After cutting all the holes in the discs, cleaning burrs and 
projections off them and dressing them on rollers, they are sent 
for welding. The discs are laid one above the other in the numbered 
order, and positioned along the first groove by means of 
special wedges (in angular position); the discs are pressed by 
clamps and the holes are plugwelded. 
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2440 


5 6 4 



Fig. 4.5. Mandrel —false shaft — for fastening discs of the shell. 

A 12 0 mm wide rectangular slot is milled along the entire 
rib length for six sections of the guide key 2. Two lateral ribs 
9 inclined at an angle of 120° to each other are symmetrically 
situated on both the sides of the vertical axis. A 70 mm wide, 
through-groove of uniform depth is milled in the upper rib 10 
situated directly above the vertical rib 3. Six sets of insertion 
pieces 5 and wedges 6 are placed in this groove. 

The mandrel ribs are machined on external cylinder in six 
steps corresponding to the six steps of the shaft of the shell 
with tolerances of a tight fit. To ensure this, insertion pieces 5 
(with allowance on the external surface ) are placed in the groove 
of the rib 10 before the final turning of the mandrel on a lathe, 
wedges 6-are then driven in the recesses of the insertion pieces 
up to the end and the latter along with wedges are fastened to 
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ribs 10 by bolts 11. After turning the shaft journals, ribs and 
insertion pieces at one mounting, the bolts are loosened and the 
diameter of the corresponding steps is marked on each of the 
insertion pieces and the wedges. 

The packets 1 are fitted in the following order ( Figs. 4. 5 
and 4.6). The shaft with disc 7 is vertically mounted on the 
pedestal and fastened. An overhead crane feeds the first 
(lower) packet which is adjusted in a horizontal plane. The pack¬ 
et is directed along the first key 2 and the ribs up to the stop in 
the plane of disc 7, and the sling is tightened in such a manner 
that the packet is not torn away from the bearing plane. 



Fig. 4.6. Fitting the packets on the mandrel. 

Despite the fact that the step on the mandrel corresponds 
to a force fit, the packet 'sits' on it with a clearance of about 
5 mm. It gets centered relative to the mandrel axis, only when 
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the insertion piece 5 is placed and the wedge 6 is driven in it 
up to the stop in the face. At this place the packet, as is custo¬ 
marily said, 'settles on the fit'. 

The other packets are fitted likewise, ensuring a close 
contact among themselves. After this, the mandrel together with 
the packets is turned through 90° to a horizontal position, mount¬ 
ed near the milling column with the journals on the prisms and 
the mandrel axes are adjusted vertically and horizontally along 
the journals and the mandrel is then fastened. 

i he faces and T-grooves are milled as per the marking on 
the extreme packet. The machines surfaces are checked careful¬ 
ly and the mandrel along with the packets is removed from the 
machine, turned through 90° (to a vertical position) and mounted 
on the pedestal in the same maimer as when fitting the packet. 
Packets are removed in reverse sequence: the thrust cleat 12 is 
introduced in the transverse slot of the rib 10 (unit 1); the bolt 
13 is passed through the hole in the cleat and screwed in the 
wedge 6; the wedges 6 are loosened in this fashion after releasing 
the tension in the insertion pieces 5 and in the packet; the former 
together with the wedge is removed from the slot. An eyebolt 
8 is screwed in the threaded hole of the packet and it is removed 
from the mandrel by an overhead crane. The sections of the 
guide key in the first packet are then taken out. 

The rest of the packets are successively removed in the 
same manner by transferring the cleat 12 to the corresponding 
transverse grooves along the length of the mandrel. 

4.4. Flywheel shells 

There are two types of flywheel shells: 

a) the arms are secured to the shell discs and the discs 
to the bushing (Figs. 4. 7 and I. 1); 

b) the arms mate with the central portion of the shell 
through the joint plates (Figs. 4. 8 and 1.2). 

A steel cast bushing forms the basis of flywheel shells 
consisting of hushing, discs and arms. The bushing and the 
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Fig. 4. 7. Flywheel rotor shell (bushing , and arms are single). 

1 - lower disc; 2 - arm; 3 - overlap; 4 - beam; 5 - upper disc; 
6 - tapered stud; 7 - nut; 8 - rotor bushing . 

shaft are the two large rotor elements requiring machining to a 
great extent. Instead of casting, the bushing is weld-cast. This 
makes it technologically better and at the same time reduces the 
material consumption by 20% and the cost by 40% [5]. 

Upper (5) and lower (1) discs {Fig. 4. 7) are placed on the 
corresponding sharpenings of bushing 8 and the arms 2 are fixed 
to the discs by dowel pins. 


In the manufacture of such a shell the most arduous opera¬ 
tion is the welding of the discs and the arms. 
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Fig. 4. 8. Flywheel rotor shell (welded central portion and duplex arms). 

1 - bushing; 2,9 - discs; 3 - vertical wall; 4 - tension studs; 

5 - wedge strip; 6 - joint plates; 7 - ring; 8 - duplex arm; 10 -rib. 

The 12 0 mm thick discs are welded on an electroslag automa¬ 
tic machine from two halves (Fig. 4. 9). For this purpose, the disc 
blanks are cut out of sheets with additional projections 100 mm 
wide and 150 mm long. Semidiscs 1, laid on the plate, are levell 
ed and adjusted against each other with a clearance of 25 mm. 



Fig. 4.9. Arrangement for welding the discs of the shell. 
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Temporary fasteners 3 for forming the joint and fasteners 2 for 
firm joints of the semidiscs are then welded to them. The 
assembled disc is vertically mounted against the angle and welded 
by the electroslag automatic machine. 

Now the temporary fasteners, which are mounted at the 
joints of semidiscs along the external cylinder and along the plane 
are cut off from the welded discs. The projections left while 
cutting the blank to form blowholes beyond the limit of working 
portion of the joint are also cut off. The quality of the joint is 
checked ultrasonically by instruments UDM-1M, UZD-7N or 
DUK-11. The welded discs, accepted by the Department of 
Technical Control, are worked on a turning and boring lathe. 

The single shell arm (Fig. 4. 10) is a welded construction 
from I-section. Its upper and lower shelves 2 are cut out of 4 0 
to 60 mm thick sheets and the vertical ribs are cut out of 24 to 
30 mm sheets. Depending on the manufacturing conditions, such 
an arm is assembled for welding either in the vertical or in the 
horizontal position of the rib. 



Fig. 4.10. Arrangement for welding rotor arms. 

In case of vertical assembly, lower shelves of all the 
generator arms are laid on the assembly plate and the longitudi¬ 
nal axes and the positions of transverse ribs are marked on these 
shelves. The upper shelves are placed on the ribs after they are 
tackwelded, checked and cut to the same height. These shelves 
are adjusted to the lower ones by a plumb, taking special care 
that their sockets meant for mounting the wedge strips 1, coincide. 
In order to avoid welding deformations and to impart rigidity to 
the arm, four temporary braces 3 are mounted on the arm assem¬ 
bled for welding operations. 
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The arms are welded by semiautomatic machines. The 
braces are cut off after annealing and the arms are machined. 


In case of horizontal method of welding, the vertical arm 
rib is placed on four jacks or supports of equal height, and the 
upper and the lower shelves are placed against the rib vertically, 
checking the verticality by means of the angle of the assembly 
plate. The upper and the lower bearing planes of the plate mat¬ 
ing with the discs as well as the wedge strips are machined on 
milling columns. 

Studs 6 {Fig, 4. 7), having a taper of 1 in 2 00, are employ¬ 
ed for fastening the discs to the bushing and also the arm to the 
discs of shell. Such studs provide a rigid joint and exclude any 
possible displacement of the fastened elements. For proper 
mating of the shell elements of such a design by means of taper¬ 
ed studs, it is essential to drill and ream holes in the elements 
laid and correctly oriented relative to one another. The machin¬ 
ing is, therefore, carried out while assembling the shell and to 
reduce the period for which the shell remains in the assembly 
shop, preliminary holes are drilled in all the elements - bushing, 
discs and arms - of the subassembly either according to mark¬ 
ings or, as was done in the series production of Volga HEP 
hydrogenerators, by a special large jig [5]. Assembling and 
machining of such a shell is schematically presented below. 

The lower disc 1 (Fig, 4. 7), with the center lines of arms 
marked on them and cylindrical holes drilled in them in advance, 
is machined finely and mounted on the pedestals. By means of 
a level it is positioned horizontally on the assembly plate and 
bolted to it. The column is placed in the central bore of the 
disc, centered, and the verticality of the cylindrical rod is 
checked by means of a frame level. Four diametrically opposite 
arms 2 are now mounted on the disc at 90° to one another. These 
arms too have center lines marked on the lower and Upper shel¬ 
ves and cylindrical holes in the lower arm shelves drilled in 
advance. Holes in the lower shelves of the arms and disc are 
made to coincide. The arms are arranged along the pitch (along 
the distance of wedge-strip axes) and the diameter; the remain¬ 
ing arms are placed the disc and arranged in the same manner 
as the first four. The arms are fastened to the disc. The upper 
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disc 5, also with the center lines of all the arms marked on it 
and the holes drilled in advance, is placed on the upper shelves 
of the arm. The disc is aligned and mounted in such a way that 
the axes of the group holes for fastening the arms coincide with 
those of the upper shelves of the arms. 

Afterwards, a few rows of rotor-rim segments are 
arranged to estimate the actual clearance between the arms and 
the rim. After this, a portable radial drilling machine is used 
for machining the holes for tapered studs (1 in 2 00) simultaneous- 
ly in the disc and the upper shelves of the arms (Fig. 4. 11). 

The same machine also drills holes for fastening the distance 
beams and the overlappings which connect the arms amongst 
themselves. When the arms are attached to the disc by dowel 
pins and when the beams as well as the overlappings are fasten¬ 
ed, the shell is turned through 180°. It is fixed in this position 
and the lower discs, arm shelves, beams and overlappings are 
likewise machined. 



Fig. 4.11. Drilling and reaming tjie holes with the kelp of a transportable 
radial-drilling machine while assembling the rotor shell, 

1 - jack -support; 2 - arm; 3 - radial-drilling machine; 4 - upper 
disc. 
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To check the clearance between the arms and the internal 
rim cylinder, rim segments are rearranged around the arms 
after marking the grooves on the external vertical planes of 
wedge strips for the rotor rim wedges. Simultaneously, the 
correctness of the groove markings is checked. The mating 
elements are then marked, the shell is dismantled and the arms 
are sent for machining of the marked keyways, on a milling 
column. 

In an assembled shell, the external planes of wedge strips 
are machined along the cylinder on a turning and boring machine. 
In large hydrogenerators, the diameters of these cylinders are 
as high as 15 m. The biggest turning and boring machine in the 
heavy electrical machine-building factories in USSR, however, 
has a face-plate diameter of 10 m. 

The modern machine-building industry of USSR can supply 
special machine tools having the face-plate diameter of 16 m 
and more, but in the generator factories, such an equipment 
would not have a constant load of large-size elements. Such 
machines are not used in most of the large electrical machine- 
building factories because of the abovementioned fact and also 
because of the high cost of such special machines and the require¬ 
ment of .large space for their installation. For this reason, as 
pointed out above, the external surfaces of the wedge strips of 
the rotor arms of high-capacity hydrogenerators (Figs. 4. 7 and 
4. 8) are not cylindrical but plane. These are machined on mill¬ 
ing columns, in other words, on machines which are in sufficient 
quantity in every generator factory. 

The rotor shell consisting of bushing, discs and arms is 
massive and involves considerable expenditure of labor. The 
weight of the basic elements,for example, of the rotor shell of 
Volga HEP hydrogenerator is: bushing - 60 t, two discs - 20 t, 
arms - 64 t. The bushing is joined to the discs by 64 tapered 
studs of 100 mm diameter whereas the discs are joined to the 
arms by 352 tapered studs of 53 mm diameter. 

The difficulty in transmitting large torques owing to the 
weakening of the discs resulting from a large number of holes 
and the high amount of labor involved in making tapered studs and 
holes for them are the main drawbacks of flywheel type shells. 
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Further improvements in the design and technology of shells 
led to the creation of technologically better types of shells. 

A bushing of complex configuration with too many machin¬ 
ing operations is absent in the design of flywheel-type shells 
consisting of a central portion and the arms as shown in Fig. 4. & 
The central welded shell portion, which does not exceed the 
dimension permissible for transportation, consists of a cast 
bushing 1 of the simplest form, two discs 2 (upper and lower) 
fitted on the sharpenings of the bushings, vertical walls 3 and 
ribs 10. The ring 7 with the lower disc 9 is meant for fasten¬ 
ing the disc of the thrust plate. The duplex arms 8 have one 
wedge strip each on the right and the left and are joined to the 
central shell portion by joint plates 6 with a large number of 
tension studs 4. These arms have plates 6 with a large number 
of tension studs 4. These arms have a trapezoidal form with 
the broad side towards the rim and two vertical walls which are 
almost radial. Such a box form provides maximum resisting 
moment at minimum weight and is well suited for transmitting 
the torque and for bearing the load of the rim and the pole as 
well as the strains due to hot-fitting of the rim. 

On account of the above design modifications, the rotor 
shells become technically more sound. Besides, the arduous¬ 
ness of machining operations is reduced, and the assembly of 
the rotor as well as its elements takes less time on the assem¬ 
bly floor. 

4.5 Manufacturing technology of the flywheel-type rotor shell 

and its elements 


Machining and assembling of the rotor shell of Votkinsk 
HEP hydrogenerators, which is one of the largest in the dia¬ 
metral dimensions {Fig. 4, 8) will be discussed here in detail 
to illustrate the manufacturing technology of the above type of 
rotors. 

The size of the central shell portion in plan is 45 00 x 
4500 mm and is 2,510 mm high. The bore in the bushing for 
fitting the shaft is 1,595 A and 1,600 A. Each of the eight 
arms has two wedge strips with 2, 000 mm high base planes 

situated at a distance of 6,317"^*^ from the center. 
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“ J 

Projections on the lower ends of the wedge strips {plane 

e “ e) and 45 x 30 mm grooves should lie in one plane parallel 
to the base. 

The machined rotor shell weighs about 90 t. 

It would have been most expeditious to machine the rotor 
shells of such a design on a turning and boring machine. In 
such a case ^cylindrical portions would have been obtained in 
place of the base planes b - b. This, however, is not of much 
significance, aince the rotor rim, assembled at the power sta¬ 
tion and tightened by studs, is then heated and unkeyed by 16 
pairs of wedge keys and after this, it does not touch the planes 
b - b. * 

Such a machining method is not suitable if the dimensions 
of the cylindrical surfaces of the rotor shell are higher than 
those permissible on the existing turning and boring lathe. In 
such cases, as mentioned above, the wedge groove is machined 
to get a vertical plane parallel to the arm axis instead of getting 
a cylindrical surface. Consequently, a technological process of 
welding the rotor shell and machining the central portion was 
worked out, and a special hydraulic lifting and turning device, 
on which the rotor shell is assembled and which helps to drill 
the overlappings with arms and mill the planes and grooves of 
the wedge strips simultaneously, was fabricated. 

For precise manufacture of the central shell portion 
(Fig. 4. 8), its different elements are machined in advance. Thus, 
the bushing 1, supplied in the form of a cast ring, is machined 
finally along the external cylinder and two sharpenings on it. 

An allowance of about 10 mm is left on the upper and the lower 
ends in the internal cylinder bore. Upper and lower discs 2 are 
subjected to turning and boring along the internal hole for mat¬ 
ing with the rotor bushing. The end face that mates with the 
vertical walls 3 of the shell is also cut on these discs. These 
walls are machined along the contour in a bundle of 8 pieces on a 
milling column, whereas the lower ribs 10 are machined on both 
the sides along the height in bundles of 8 pieces. 

Machining of the joint plates 6 consists of the following 
operations: planing the joints, drilling the holes for tension studs 
in the two plates one above the other, and drilling and reaming 
the stud holes in joint planes of the two bolted plates. 
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The ring 7 is bent, welded and then machined from the side 
of the end face adjoining the rotor disc. A lock is turned from 
the other side for mounting the lower thrust disc 9 machined 
along the inner and the outer cylinders. 

For better mating of the planes, the vertical arm ribs are 
milled from three sides adjoining the upper and lower shelves 
and the wedge strip in the packet along the contour. The wedge 
strip 5 undergoes preliminary machining in the plane adjoining 
the rib, as well as on the side near the rim. Upper and lower 
strip ends are machined to final dimensions. 

The discs, bushing and radial ribs of the central portion 
are assembled for subsequent welding in the same manner as in 
the case of drum-type shells. Temporary strips of dimensions 
16 x50x 100 mm at a pitch of 300 - 400 mm are welded along 
the entire perimeter of the joint plates to prevent their deforma¬ 
tion. 


Welding of the central portion is commenced by welding the 
joint plates (along the chamfers) to the lower disc from the 
inside and to the upper disc at the top. Next,the radial ribs are 
welded in the vertical position to the central bushing and then to 
the joint plate. The radial ribs are welded to the lower disc, 
the joint plates and to the bushing by semiautomatic machines. 


After turning over the central portion, the welding on the 
other side is conducted in the same sequence. It is advisable 
to carry out this operation, in accordance with the design, along 
the "cabins" (space between two wedge strips of the arm) wit 
one welder per cabin. For better tightening of the plates before 
annealing the central portion, some of the studs »re remove an, 
instead, T-shaped clamps 3 (Fig. 4. 12) are placed. Wedges 2 are 

then driven in their keyways. 


While assembling the duplex arms for welding, it is essen¬ 
tial to keep them within the limits of nominal dimensions and 
tolerances. Extra allowances increase the arduousness of turn¬ 
ing the wedge strips while insufficient allowances lead todefec- 
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tive strips. The duplex arms are welded by semiautomatic 
machines. While assembling, the wedge strips are mounted 
according to the template which fixes the circular pitch and the 
verticality. This operation is done on the finally welded and 
checked arm casing. 



Fig. 4.12. Arrangement far tightening the joint plates before welding. 
1 - joint plate; 2 - wedge; 3 - clamp. 


Since the lower planes of wedge strips are not machined 
after welding and since there are small machining allowances, 
the arms are assembled with special care for welding them to 
the joint plates, fixed to the central shell portion. The assembl¬ 
ing is performed as follows (Fig. 4. 13). The central portion 3 
is mounted on jacks 9 and the verticality of the shell axis along 
the machined central hole of the bushing is adjusted by means of 
a frame level 4 (in two planes mutually at right angles). A 
circular groove corresponding to the finally-machined surface of 
the disc is then made on the cylindrical surface of the ring at a 
distance of 20 mm from the face of the disc. The correctness of 
mounting the central portion on a turning and boring machine is 
checked by means of this groove. 


Since as a rule, weld plates have inaccuracies, sparks, 
scales and dents, it would be incorrect to shift the circular mark 
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Fig. 4.13. Mounting and adjusting the central shell portion and the arms 
before welding. 


1 - technological plates; 2 - joint plates; 3 - central portion; 

4 - frame level; 5 - arm; 6 - wedge strip; 7 - prop with liquid 
vessel; 8,9 -jacks; 10 - hosepipe of communicating vessels. 

from the weld plate to the cylindrical part of the ring by a shift¬ 
ing gage, A circle is, therefore, marked by, say, 8 points. The 
positions of these points are fixed by means of the water level in 
the two communicating vessels, each of which is fixed on the 
prop 7. The first point a, marked on the cylindrical surface at 
2 0 mm from the end, is taken to be the starting point and one of 
the props 7 , is brought to it. The second prop 7^ is transposed 

at about one-eighth of a circle and it is also brought to the cy¬ 
lindrical surface. After 2-3 minutes, when the water level 
settles down, the vertical distance b between the point a and the 
level in 7j is measured. If this is equal to, say, 30 mm and is 
above the point a, then the point is marked 30 mm below the 
water level in 7 £. 

It should be noted that the water level in the props would 
change with each transposition of the second prop. 

Further, without touching the prop at the point a, the 
prop 7^ is shifted to the next point a^, also situated at one- 
eighth of a circle from a^. Water levels Ln both the props are 
made equal and the actual distance b along the vertical between 
the water level in 7^ and a is determined. The point aj is then 
marked with the same dimension b by a marking pin. Points a 3 - 
ay are marked likewise. 




188 

































ROTOR 


"When all the eight points are marked on the cylindrical sur¬ 
face, they are joined by markings with the help of a flexible ruler. 
A second circular checking mark is laid over this at a height of 
2 0 to 30 mm. 

Center lines of arm positions are marked on the central 
porion for positioning the arms 5 for welding them to the joint 
plates fastened to this portion. Center lines are also marked on 
the arms themselves. Further, each arm is brought to the joint 
plate by an overhead crane and three jacks 8 are placed below the 
arm -- one under each wedge strip of the duplex arm and one 
under the lower shelf near the joint plate. Corresponding center 
lines are then aligned. The radial distance of the preliminarily, 
machined plane of the wedge strip from the center is checked by 
taking into account the 10 mm allowance for final machining. With 
the help of the jacks, the arm height is then adjusted so that, as 
shown in the shell drawing, the lower end of the teeth of the 
wedge strip is positioned at 690 mm from the marking on the 
central portion and the arm shelf is at equal heights and widths 
from the joint plate* If necessary, the shelves are cut in order 
to equalize the radial and axial positions of the arm. The arm 
ribs and the shelves are tackwelded to the joint plate after 
positioning the ribs correctly along the radius, pitch and in the 
axial direction. 

While welding the arm to the joint plate, the height of the 
arm is checked by water level. For this purpose, the prop 7„ 
tor example, is mounted near the cylindrical surface of the ring 
and 7 4 is brought to the end of the wedge strip of the arm. The 
distance K between the water level in 7 3 and the check marking 
is measured. The true position of the wedge strip end is checked 
y water level in 7 4 . With the help of the jacks, the arm is so 
adjusted along the height, that H = 6 90 - K. The distance K will 
have to be added, in case the water level in the first prop is 
below the marking. 

While adjusting the next arms, the prop 7 4 is not displaced, 
but 73 is moved to the lower end of the next wedge strip. This 
disturbs the water level in 7^, The distance between the strip 
end of the arm positioned earlier and the water level in 7 is 
measured. Position of the next wedge strip is then so regulated 
that its end is located at the same distance from the water level 
in 73 placed near it. 
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The position of the rest of the fourteen wedge strips is 
checked in the came manner by shifting the prop 73 . 

When all the arms are tackwelded, their mutual positions 
are once again checked along the pitch, the center line 1 an 
relative to the central portion. They are then welded to the joint 

plates. 

It is essential to note that before welding, the joint plates 
should be joined to each other in pairs by technological 
along the entire periphery of the plate at a pitc 

to prevent the deformations in the joint plates. On completion of 
welding^ these technological plates are cut off by oxygen-gas 
flame and the arms are dismantled. 

The central portion is now subjected to machining and the 
arms are annealed to remove the large welding stresses at e 
joints with joint plxites* 

In order to machine the central portion 3 on a turning and 
boring Lathe (Fig. 4. 14), it is mounted on the lathe with the side, 

opposite to the position of the disc of the thrust pUtep on the 
posts 2 and the jacks 4 of 200 - 300 mm height Witii 
cams 5 of the face plate 1 , it is aligned along the central h 



marking 


,4.14. Mounting and adjusting the central shell portion for turning and 
baring operations. 


<PS44S-° i 
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bored in advance. It is adjusted in a horizontal plane by the 
circular mark made on the cylindrical surface of the ring. The 
central portion is clamped to the machine face plate by bolts and 
cleats. To ensure that the surfaces being machined are coaxial 
and at right angles and parallel, the entire turning and boring 
operation is performed at a single mounting. 

First of all, the surfaces are rough machined with an allow¬ 
ance of 5 mm along the diameter and 3 mm along the faces and 
then they are machined finally. While doing so, the upper end 
face is first cut along the circular mark and the lock is machined 
to a diameter of 2, 35 0. 0X^. After this, the upper end is 
machined to a dimension of 10 mm, while the upper and the lower 
ends of the bushing are machined to 795 mm and 1, 705. 0 + 

0.5 mm respectively. The cylindrical surface is then turned to 
a diameter of 3,445. 0 + 0. 5 mm (up to the welded seam) and the 
central hole is finally bored to a diameter of 1, 600. 0 A and 
1, 595. 0 A. The end surface is finally ground in the same mount¬ 
ing up to a surface finish of ^7 for the disc of thrust bearing. 


After this, the central portion is removed from the lathe 
and holes for fixing the thrust-bearing plate as also holes (with 
an allowance of 10 mm along the diameter) for joining subse¬ 
quently the upper face with the thrust-bearing disc by means of 
dowel pins, are marked and drilled (Fig. 4. 15). 


The central portion, thus machined, is placed with its 
sharpened end in the hole of the thrust-bearing disc which is 
mounted in a special pit of the radial drilling machine and bolted. 
Further, the holes are simultaneously drilled and reamed 
(through special technological 3 00 mm holes in the discs) to 
accommodate cylindrical dowel pins. The holes on the bushing 
ends, intended for fastening the shaft-ring lock, are marked, 
drilled and threaded in the same shell position. 

While assembling the rotor shell for machining the wedge 
strips, the central part is mounted with its side, adjoining the 
disc of the thrust bearing, on the pedestals; it is adjusted in a 
horizontal plane and is fastened. Diametrically opposite arms 
are alternately brought in by an overhead crane as per their mark¬ 
ing and aligning pins are placed in the joints of the joint plate. 
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Fig. 4 . 15. Simultaneous drilling of tke thrust plate and the central shell par- 
ii&tz 

1 - spindle of the radial-drilling machine; 2 ' " 

er ; 3 - central portion of the rotor shell; 4 - disc of the thrust 

bearing; 5 - assembly plate; 6 - reamer. 

A great force is required while fixing the arms to the 
central portion (by M80 studs). Being inside the cramped space 
of the box-shaped arm and the chamber of the rotor central por¬ 
tion, the workers cannot use spanners with long handles. Hence 
the arduous operation of tightening the nuts on the studs is per¬ 
formed as follows. Half the number of studs (in alternate holes 
along the vertical) are placed in the joint-plate holes and the nuts 
are preliminarily tightened by a spanner; hydraulic tighteners 
are placed in the rest of the holes ( Fig. 4. 16), arranging two of 
them at the top, two in the middle and two at the bottom. The 
joints are tightened with their(hydraulic tighteners') help in such 
a way that there are no through clearances at the junction. Huts 
are then further tightened till they touch the external planes of 
the joint plates and the tighteners are removed after this. 


The hydraulic tightening device (Fig. 4. 16) consists of a 
cylinder 11 and a plunger with piston rod 14. A ring strip is 
screwed on to this cylinder. This strip serves as a stop for 
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Fig. 4.16. Hydraulic tightening 
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springs 13 which return the plunger from right to the initial posi¬ 
tion on the left. To seal the plunger, a ring 9 with cup packing 
10 is bolted to it, whereas a ring 7 with similar packing 6 is 
bolted on to the piston rod to seal it with the cylinder end. 

A nut 3 is screwed to the left piston-rod end having M8 0 
threads turned on it. A 40A diameter hole is bored inside the rod 
and the plunger 5 moves along this with the help of a bolt 4 rotated 
by the handwheel 1. As the piston moves to the left, oil enters 
this hole. 

A threaded bronze bushing 2 is fastened to the rod to reduce 
the frictional forces while rotating the screw 4. Alternate leather 
and steel packing washers (17 and 18) are bolted to the piston 5. 
The handle 15 screwed on to the end facilitates the mounting of 
the device. It also serves as a plug for the plunger hole through 
which the oil is poured into the cylinder. 

At a pressure of 150 gage atmospheres, the device develop- 
es a compressive force of 40 t. The hole in the cylinder, which 
is closed by the plug 8, is meant for the manometer which shows 
the actual tightening force. 

While tightening, the plunger moves to a maximum distance 
of 5 mm, and the piston stroke reaches a value of 180 mm. The 
diameter of the flywheel 1 is 25 0 mm. 

Before introducing the device in the hole, the piston 5 is 
moved to the extreme left position up to the nut 2 with the help of 
the hand wheel 1 and the screw 4. In this case, the plunger also 
moves to the extreme left position under the action of spring 13 
and the oil from the cavity of cylinder 11 flows to 40 mm dia 
cylinder cavity. The tighteners are led into the holes of the joint 
plates and the nut 3 is then tightened on the rod. This operation 
completely removes the clearance between the nut, the cylinder 
and the planes of the joint plates adjoining them. Then the hand- 
wheel 1 is fitted at the end of the screw 4. When it is rotated, the 
plunger moves to the right under the action of the screw 4, forc¬ 
ing out oil from the 40 mm cylinder to the cylinder 11. As the 
pressure increases, the cylinder 11 presses the shell joint plates 
and the plunger moves to the right. Simultaneously, the nut 3 
is also moved to the right and it presses the arm joint plates to 
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the shell joint plate. When a prescribed pressure of 150 gage 
atmospheres is attained, the tightening operation is finished. The 
nuts on the tension studs placed in neighboring holes are tight¬ 
ened with the help of spanners. 


Simultaneously, it is necessary to arrange 4 to 6 tighteners 
for tightening the studs. They are removed after tightening the 
studs. For this purpose, the piston is moved to the extreme left 
position by means of the screw 4 and the handwheel 1. When the 
nut 3 slackens, the handwheel is removed, the nut is unscrewed, 
and the tightener is removed and taken to the next hole. 


Fig. 4. 17 shows the rotor shell with overlappings: upper 
one 3 and lower one 6, which are strengthened by upper and 
lower bars (4 and 7). 



Fig. 4.17. Overlapping of rotor shell. 


As against the earlier designs of shell, in which it was 
necessary to turn it over for welding the lower overlappings and 
drilling the lower bars, the present design eliminates this tedious 
operation. 

It is seen from the figure that the upper and lower over¬ 
lappings with the bars are mounted on the arm shelves in a single 
shell mounting. 
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Overlappings consist of thin steel segments (6 mm) with two 
radially situated strips 1 along their edges. These strips are 
later on used for fixing the overlapping segments to the arms. To 
impart a high rigidity to the segment, angles are longitudinally 
welded to its lower plane. The segments are drilled and clamped 
to the strips 1 by bolts 2 in advance, outside the shell. 

Bars 7 and 4 serving as tangential bracings for the arms 
are made of a thicker material. They too are strengthened by 
longitudinal and transverse ribs. 

The overlappings are laid in the following order: at first, 
the lower overlappings 6 are arranged, as per the marking bet¬ 
ween the arms, on specific areas that are extensions of lower 
arm shelves 9. Position of the overlappings is fixed by screw 
clamps and strip 1 is welded on to the lower shelf 9. Bars 7 are 
then placed end to end against the overlappings 6 and clamped to 
the lugs 9- By means of a portable radial drilling machine, bolt 
holes are drilled and reamed simultaneously in the bar sheets 
and the lower shelves. The bars are then fastened to the arms. 

In the same manner, the strips 1 of the overlappings 3 are 
welded to upper shelves of arms 1 0, bolt holes in bars 4 and 
upper shelves of arms 10 are drilled and reamed simultaneously 
and the bolts are inserted. 

The new design of the overlapping appreciably reduced the 
tediousness of the job. This is due to the fact, that in considera¬ 
tion of the shop height, it was earlier necessary to unfasten two 
diametrically opposite arms and four segments of overlapping 
while turning over the shell, and afterwards the arms and the 
overlappings had to be mounted once again in their positions. 

4. 6 Hydraulic lifting and turning device: 

Fig. 4,18 shows the layout of mounting the rotor shell for 
milling the wedge strips of the arm. Shell 1 is mounted with its 
bearing plane of the central part on a ring support 2 with six 
aligning rollers 3. Posts 4, with a hydraulic cylinder 5 that 
raises the rotor slightly for turning, are placed on the assembly 
plate at the center of the support. The arm to be* machined rests 

on a jack 6 of the post. 
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Fig. 4.18. Layout of mounting the rotor while machining the wedge strips. 

The machining is carried out on a milling column 7 which 
moves vertically and horizontally to a distance necessary for 
machining the wedge-strip surfaces of the arms. 

Fig. 4. 19 shows the design of a lifting and turning device 
for milling the wedge strips of the shell arms of Votkinsk HEP 
hydrogenerator. The central shell part is mounted on a welded 
ring-shaped support 14. Segments 13, machined (after anneal¬ 
ing) strictly parallel to the base,are welded to the upper plane 
of the support along the circumference. The rotor shell is 
aligned by six rollers 12. 

The axes 33 of the rollers {unit I) are arranged in the holes 
of the support and are fastened from the bottom by nuts and wash¬ 
ers, The flange 34 increases the stability of the axis 33 and pro¬ 
tects the ball bearing 35 from contamination. 

The ball bearing 35 is prevented from coming into contact 
with the central shell part by an iron ring 3 6 with a stop cone at 
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the top. This cone facilitates the mounting of the shell on the 
support. The washer 3 7 with the bolt eliminates the lifting of the 
ring. 

While mounting the shell for machining, the three rollers 
with axes maybe replaced by columns 20 with screws 19. With 
their help, large subassemblies weighing 90 tons can be easily 
and precisely driven home into the rollers (section A - A). There 
is a clearance of 1.5 mm between the rollers and the ground 
cylindrical surface of the central shell part. Six squeezing bolts 
32 (unit III) are incorporated in the device to ensure correct 
mounting of the supports. 

Substantial vibrations may be developed during the working 
of the milling head 15. Because of this, the pedestal 18 with a 
jack 17 is fastened to the assembly plate below the arm to be 
machined. The jack serves as a support and should not affect 
the shell position. 

Cast-iron pedestals 1 and 2 are mounted at the center of 
the support 14, on the assembly plate, to stop the lower end of 
the hydraulic cylinder 3 while the shell is raised. A sheet-steel 
packing is placed between the cylinder 3 and the upper pedestal 2 
in order to reduce the specific pressure. 

A strong disc 9 is precisely aligned in the shell bushing, 
along a diameter of 15 95 mm and bolted to the shell by means of 
ten bolts 8. Since, while lifting the shell, the piston acts on the 
disc 9 from the bottom, these bolts should be designed for the 
shell weight {90 t). 

All the necessary radial measurements during the machin¬ 
ing of the arms are taken from a pointed column 10 at the center 
of the disc 9. Eyebolts 11 serve for mounting the disc along with 
the hydraulic cylinder. The ring 30 (unit II), stud 2 9 and nut 24 
support the cylinder with the disc 9 during transportation and 
installation. 

Before commencing the operation, the ring 30 should be 
lowered 45 to 50 mm below the cylinder flange to provide the 
piston stroke while raising the shell. 
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A cover 27 is fixed to the cylinder frame 31 by means of 
bolts 26; its sealing is accomplished by two U-shaped cup-pack¬ 
ings of polyvinyl chloride. The piston 28 has a groove at the 
upper end for mounting the ball and thrust bearing 25. 

Oil is fed to the cylinder from a portable oil unit 4 (motor, 
pump and an oil tank) through the vertical pipe 21. The oil unit 
is mounted on the shell and rotates with it. The pipe 2 1 is mount¬ 
ed along the piston axis, sealed by a U-shaped cup-packing and 
connected with the horizontal (pressure) pipe 23 by angle 22. This 
pipe 23 has a stop valve 6 on it. When the valve 5 opens, oil 
flows from the cylinder into the tank. Pressure in the cylinder 
is determined by the manometer 7. 

The sequence of machining the rotor shell will now be con¬ 
sidered. Some preliminary operations have to be conductedbefore 
milling: the positions for support 14 and pedestal 18 are marked 
approximately; they are then mounted on the assembly plate and 
fastened to it. Horizontal position of the upper (mounting) plane 
of the support is carefully checked by a frame level and is correct¬ 
ed, if necessary. 

The assembled rotor shell is now mounted on the support. 
Pedestals 1 and 2 and the steel plate are lowered into the hole of 
the central part, and the disc 9, with hydraulic cylinder 3 sus¬ 
pended from it by means of studs 29, is mounted next. The 
aligning lugs of the disc are very accurately aligned with the bore 
in the central shell part and the ten bolts 8 are tightened. 

The oil unit 4 is placed on the shell and connected to tube 
23 of the hydraulic cylinder. Motor of the oil unit is connected to 
the mains but the suspended duct should go to the central column 
10 and then to the motor. 

The rotor is marked for machining on the top face of the 
wedge strip. Dimensions are marked from column 10. In addi¬ 
tion, 16 radial markings are made on the upper end of the wedge 
strip. 

After this, the motor is switched on, the valve 6 opened 
and the flow valve 5 closed. Oil flows under the piston 28 raising 
it along with the disc 9 and the shell by a distance of 8. 10 mm. 

The lift period does not exceed 1.5 minutes. 
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The nearest wedge strip is mounted in correct position, 
relative to the machine spindle, which is checked along the tan¬ 
gential marking on the arm by a marking gage. The force re¬ 
quired to turn a 90 t rotor, suspended on a relatively small ball 
bearing, is not large (of the order of 15 to 2 0 kg); and a milling- 
machine operator, standing at the machine cross bar turns the 
arm in the required direction. Another worker, standing at the 
rotor center, opens the valve 5 and lowers the central shell part 
to the support, -Jack 17 is then brought in (till it touches the lower 
end of the wedge strip) and the clamp 16 is laid and fixed. In case 
of vertical feed of machine spindle, a surface is milled on the 
arm wedge strip, leaving an allowance of 2 mm relative to the 

marking. 

This surface is then checked by a level and the rotor shell 
is turned through 180° (after it has been unfastened and raised). 
Position of the opposite wedge strip is also checked with respect 
to the machine. The rotor shell is again lowered to the support 
and the verticality of the machined surface is controlled by a 
frame level. The arm, mounted opposite to the machine spindle, 
is fastened and the wedge strip is milled. 

Rest of the wedge strips are now milled. Not more than 8 
to 10 minutes are required for unfastening, turning, mounting 
and fastening the next arm. 

After the preliminary milling, the wedge strip is milled 

- 0 . 2 

finally ( to a dimension of 6317 ^ ^ ). The distance between the 

central column 1 0 and the special cleat (pressed to the machined 
surface) is checked by a cigar-shaped micrometer pin gage. 
Simultaneously, following surfaces are also milled: the thrust 
shoulder of the wedge strip (see plane e - e, Fig. 4. 8), the. 
plane c - e, the 4x10 mm projection on it (unit I) and the sur¬ 
face 4 mm below the level of the wedge strips (section d - d). 

It is essential that the thrust shoulders (planes e - e) of 
the wedge strips should be in one horizontal plane. This obviates 
the end play of the assembled rotor rim. Besides, if the indivi¬ 
dual shoulders are substantially elevated, they take up too much 


201 














ZUNDEL.EVICH & PRUTKOVSKII 


load on themselves- Consequently, the height of plane e - e from 
the pedestal 18 is checked on each arm (Fig. 4. 19 ). 

On completion of the fine machining of the plane, 40x40 mm 
grooves are marked to accommodate wedges of the rotor rim, 
and 45x3 0 mm grooves (on upper part of the strip) to accommo¬ 
date locking keys (Fig. 4.8). 

Grooves for rotor-rim wedges are marked as follows: a 
circular horizontal mark is made on the wedge tie beams of the 
arms at a distance of 2 00 mm from their lower end. Center of 
the wedge tie beam of one of the arms is marked on it and the 

point is prick-punched. When the distance between the compass 
legs is equal to the arm pitch, a round of all arms is made along 
the wedge beams. By changing the distance between compass 
points, the pitch along all the arms is made equal and the final 
marking of the compass is made to coincide with the starting 
point. All the points on the horizontal marking are then prick- 
punched and the vertical center lines and the grooves are marked. 

When the marking is over, three layers of rotor-rim seg¬ 
ments are laid on the supports around the arm wedge tie beams, 
shifting one layer relative to another by a distance equal to half 
the pole pitch. Special plugs (not less than four per segment) are 
mounted in the segment holes. Correctness of contact between 
the internal faces of segments and the wedge tie beams (permis¬ 
sible clearance 0. 5 mm) is checked. Likewise, the coincidence 
of the grooves marked on wedge strips and the grooves of the 
rotor-rim segments is also checked. 

The controlled laying is now dismantled and the marked 
grooves are milled. While doing so, it is not necessary to secure 
the arm by the clamp 16 (Fig. 4. 19); only the jack 1 7 is used. The 
milling is carried out in two runs by special milling cutters. Pre¬ 
liminarymilling gives a groove of size 32 x 39 mm, and the 
final milling is done by a 40^^* ^ x 40 mm cutter. 


The rotor in the lifting and turning device is shown in 
Fig. 4.20. In this way, the rotor shell can be machined on the 
milling machine with an accuracy not less than that which can be 
obtained when machining on a turning and boring machine. 
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Ffff- 20, Rotor shell of Votkinsk HEP hydrogenerator mounted in the de - 
vice for milling. 

When the machining and the checking of the rotor shell is 
finished, the overlappings with the arms are marked, and the 
shell is dismantled (Fig, 4. 17), Here, too, it is advisable to 
make use of the hydraulic tightening device (Fig, 4.16). At the 
same time, strips 2 of the overlappings 6 and 3 are welded to the 
lower and upper arm shelves 9 and 10 at the places which were 
inaccessible earlier. Finally, the arms are disconnected from 
the central part and the necessary metal-working, finishing and 
painting operations are performed. 


4. 7. Seamless forged and forge-welded shafts 

In hydrocomplexes, the motion from the turbine wheel is 
transmitted to the rotor of the generator by two shafts: the tur¬ 
bine shaft and the generator shaft. 

The shaft of the hydrogenerator may consist of only one 
piece, or of two pieces (Fig. 4.21). In the latter case, it con¬ 
sists of the basic shaft 2, hereafter called shaft, and an exten¬ 
sion piece 1 flanged to it. In*the present design of the Bratsk 
HEP hydrogenerator, the exciter armature shell acts as an 
extension piece. 
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Fig. 4.21. Machined hydrogenerator shaft. 


1 -extension piece; 2 - shaft; 3 - guide-bearing bushing; 

4 - shield; 5,6 - stay girdle. 

Depending on the generator design, the shaft carries on it 
several elements and subassemblies: rotor, bushing (or bushings 
of the guide and the thrust bearings), exciter armature, rotor of 
the regulator, and others. 

For the first time in hydrogenerator construction, the 
shaft of the Bratsk HEP hydrogenerator is made from two (and 
not one) forgings. They are joined to each other by electroslag 
welding along the fitting surface of the rotor (Fig. 4.22). Such a 
measure significantly reduced the weight and simplified the manu¬ 
facture of the shaft at the metallurgical factory. 

Following are the basic requirements imposed on the 
machining of the shaft: 

1) The grooves for keys and cur rent-feeding conductors (if 
the latter are envisaged in the shaft design) should be milled 
before all the shaft fitting surfaces are machined finally. The 
flange holes should also be drilled and threads cut in them for 
fixing the extension piece before machi n i n g the shaft finally. 


2) In case of individual production of generators, the shaft 
grooves for current conductors, and the wedges closing them, 
are adjusted according ta these grooves. It, therefore, becomes 
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Fig. 4.22. Shaft forging (supplier’s drawing). 

1 - specimen ring for investigating macrostructure; 2 - speci¬ 
men ring for mechanical tests; 3 - outline of shaft forging as 
supplied; 4 - outline of machined shaft; 5 - rings for investigat¬ 
ing internal stresses; 6 - samples for mechanical tests, obtained 
by trepanning the flange holes; M - electroslag welding joining 
the two shaft parts. 

necessary to mount the shaft specially on a lathe to turn the steps 
along the wedges. F 

In case of serial production of generators, the bus bar 
grooves and the wedges are machined according to templates* 
turning of the shaft steps is, therefore, eliminfted. 

3) The flange bolt holes are machined at the generator fac¬ 
tory with an allowance of 10 mm along the diameter, whereas, 

ey are bored finally at the turbine factory at the time of pair¬ 
ing the shafts. * 


4) As mentioned earlier, the collar on the shaft-flange 
face is machined in accordance with the tally card recording the 
turning of the turbine shaft. The flange is machined with a nega¬ 
tive deviation (of -0. 06 mm) and with the ovalness not exceeding 
0. 04 mm. ° 
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5) The shaft play along the fitting surfaces, the faces and 
the collar should be less than 0. 02 mm. Convexity of the faces 
is not permissible; and it is essential that the concavity should 
not be more than 0. 03 mm. 

Forged shaft 

Forged shaft is the most important blank in the rotor sub¬ 
assembly. At the metallurgical factory, it is prepared as per 
the customer’s working drawing of the shaft and specifications 
agreed upon by him and the supplier. 

Depending on their dimensions, the hydrogenerator shafts 
may be seamless forged or forge-welded. When supplied, it 
has a coarse external surface and a finely bored axial passage. 

The forge-welded shafts are made of two forgings subjected 
to preliminary heat treatment and machining operations and then 
they are joined by electroslag welding according to the operating 
schedules of the supplying factory. 

To ensure the required mechanical properties with mini¬ 
mum residual stresses, both the types of shafts are heat treated 
according to the technology and the operating schedules of the 
supplying factory. 

The composition of steel used in the manufacture of hydro- 
generator shaft is given in Table 4. 1. 

The chemical composition is checked by the supplying fac¬ 
tory by means of the specimen taken while casting the steel. 

The following mechanical properties of the forged material 
are determined: tensile strength (10 mm diameter longitudinal 
specimens with a computed length of 50 mm) and impact strength 
(Menaje type longitudinal specimens 10x10x55 mm in size). For 
the shaft tail end, the tests are conducted on not less than two 
tensile and four impact specimens; and for the flange side, the 
tests are conducted on not less than four tensile and four impact 
samples. 

Samples from the tail end of the shaft are cut out at half the 
wall thickness. On the flange side, samples are cut by trepan¬ 
ning the flange holes as indicated in the drawing (Fig. 4.22), or 
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Table 4. 1 


C ompo.itl S n _g ij t a el f or making sh af t. 


Type of forg¬ 

Type 



Content, % 

--- 

ing 

of 

steel 

Carbon 

Mangani 

ese Silicon 

Sulfur Phosphorous 





Not more than 

Seamless forged 
shafts and their 
extension piece 

40 

0.37- 

0.45 

0. 50- 
0. 80 

0. 17- 
0. 3 7 

o. 045 0. 040 

Forged-welded 

shafts 

25GS 

0. 22- 
0. 28 

1.0- 
1.3 

0.6- 

0.8 

0.035 0. 035 


;-"''* CHUU »* tne suppUe 

(radius), from the waste ring. 


and two impact Tpicimfnrcurfrom the' S ‘ W ° t6nSile 

corresponding to the ingot top. f thmner P^rt 

- '•••"■ - is ?.*■ ; 

5s k k ;r 

r, the fiange ‘1.. 

of the specimens of each lUhevT *? P6rmitted for 25 

10 *. 17% and ak ^ 2.5 ham/TmC" 6 " 

^o'base^netal^f^he forged^^ 

=£S? sr 

tests carried out on samples of the same materials under the 
same welding conditions. S under the 
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Table 4. 

2 


Mechanical 

properties 

of forged shaft 



F orge- 

welded 

shafts 

seamless forged shafts 

Properties 

specimens 
from tail 
end 

specimens 
from flange 
end 


not less than 


Yield point,kG/mm 2 

28 

26 

26 

Ultimate strength,kG/mnr£ 50 

(optional) 

50 

(optional) 

50 

(optional) 

Relative elongation, % 

14 

16 

14 

Relative shrinkage, % 

30 

30 

22 

p 

Impact strength, kGm/cm 

4 

3 


The joints of forge-welded shafts are ultrasonically inspect¬ 
ed as per the method adopted by the supplier. If the welded joints 
are found to possess defects that lower their strength, the defect¬ 
ive places are cut and welded again. 

The shaft should then be heat treated. 

The residual stresses, on both sides in case of forge -welded 
shafts and on the flange side.for the seamless forged shafts, are 
determined by measuring the ■ deformations in a ring of 40x40 mm. 
cross section cut from the inside of the shaft. The stresses 
should not be more than 4 kG/mm 2 . The residual stresses in the 
extension pieces of the shafts are not determined. 

The internal diameter of the ring, is measured, before and 
after cutting it out, in three fixed planes (12 0° apart) by one and 
the same instrument at the shop temperature. 

The magnitude of the residual stresses is approximately 
found from: ' •' 
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where 


= 


EA 




E modulus of elasticity of steel, equal to 2 x I0 4 kG/mrr?; 

A - mean algebraic variation of the internal ring diameter 
after cutting it out; 

D 0 “ inter nal ring diameter before cutting it out. 


Individual non-metallic inclusions, blow-holes and local 
dents are permitted on the shaft surface after its coarse machin- 

®' f r°7: d 'If 5 ' arC located U P to a de P th n °t exceeding three- 
is 1 3 0 • ha , allowance tor fine machining. Depth of these defects 

chote™TK 7 a C ° ntr01 “ Clined CU * “ ^ larg6St defec ‘ to 


isolated actions of defects, which are present in the 
finished outline at a depth less than 7 mm, are permitted on the 
external surface of the machined shaft if they are cleaned to a 

tT d th Ster ^ SeCti ° n ° f Width not less times 


The surface of the axial passage is subjected to a peri- 
scopic or visual inspection. Black spots, blowholes, accumula 
tions of non-metallic inclusions and other defects are not oer- 
missible on this surface. 


If agreed to by the customer, the defects that do not lower 
the shaft strength may be permitted. 

Cracks, slag inclusions and other defects are not permitted 
on the finally-machined shaft surface. 

The hydrogenerator shafts undergo macroinspection. In 
case of forge-welded shaft, the macrostructures are inspected 
and the sulfur prints are taken on the templates cut from the ends 
on the dead head of each forging before welding them. 
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In case of seamless forged shaft, however, the above 
operations are conducted only on the shaft end face corresponding 
to the top of the ingot (thin end of the shaft). 

The shaft forgings are supplied in a coarsely-turned form 
after the final heat treatment. Drawings of these shafts are work¬ 
ed out by the supplier in accordance with the dimensional finished 
drawings of the customer and are confirmed by the latter. 

The axial-passage surface should be bored to V 5. 

The internal taper of the transition diameter is not machin¬ 
ed after the welding and the final heat treatment. 

Registerable characteristics of the hydrogenerator shafts 

are: 

a) results of measurements and external inspection; 

b) mechanical properties - yield point, relative shrinkage 
and impact strength; 

. 1 _ ■ i f , 

c) macroinspection and sulfur test; 

d) residual stresses (not applicable to the extension pieces 
of the shafts). 

If the results of mechanical tests are unsatisfactory, the 
test is repeated on double the number of specimens of the same 
type (tensile and impact), and on that end of the shaft (tail or 
flange) where the results obtained were unsatisfactory. 

If need be, the supplier might conduct an additional heat 
treatment. The successive tests, in such an event, should be 
carried out to the same extent as the initial tests. 

Within the limits established by technical specifications, 
tests may be carried out at the customer's discretion in his 
premise s. 

« - . ■ * , v • ; • > 1 , * v . r .. 

The axial passage of the generator shaft should be covered 
by anticorrosive lubricant, and its ends by wooden covers. 
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o owmg numbers are punched at the shaft end corresponding to 
the ingot bottom: drawing number, melt number, order number, 
forging number, the mark of the supplier's OTK. 

A certificate accompanies the forging. It should indicate: 
order; number; drawing; agreed specifications; information 
about weight of ingots and forged part; mark of material; melt 
number and chemical composition; basic data about manufactur¬ 
ing technology, welding and heat treatment; and results of all 
the tests. 


A copy of the supplier's technological drawing is attached 
to the certificate (Fig. 4, 22). 

Technology of machining the shaft 

Turning of the shaft involves two stages: preliminary and 
final (finishing). 

dhe preliminary turning is performed in two settings. 

First setting. The forged shaft is fastened with the flange 
side on the face-plate cams of a turning-centering machine and 
the finished girdle (Fig. 4. 21) mounted on the stay cams; it is 
adjusted in two mutually perpendicular planes and along the 
central hole. The flange play should be less than 0. 2 to 0.3 mm 
at the face-plate cams, and 0.1 mm on the stay girdle. Larger 
play on the stay surface is removed by means of a small grind¬ 
ing motor fixed to the lathe carriage. All the accessible 
surfaces having an easy fit of fifth and seventh class are then 
finally machined (finished) and the fitting surfaces are pre¬ 
liminarily machined. 


' Proflled gutters (Fig. 4. 23) are employed for machining the 
fillets on the inner side of the flange (unit II, Fig. 4. 21) and 
between the shaft steps (unit I). As is obvious from Fig. 4.23, 
the cutters 2 are set on a spring-loaded mandrel 1, engaging 
their chamfered faces with corresponding projections on 
mandrel and are fastened by special bolts 3 and nuts 6; amongst 
hese the middle and the left bolts fasten the left cutters, whereas 
the middle and the right bolts fasten the right cutters. 
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Fig. 4,23. Profiled cutter for machining the shafts. 


To economize high-speed steel, the cutters are made in 
two layers: their upper part 2 is made of high-speed steel, and 
the lower one 4 from the steel St. 5. The bolt heads fastening 
the cutters to the mandrels are reinforced by hard-alloy plates. 
The chamfered faces of the bolts 5, set to meet the on-coming 
chips , act as a chipbreaker and protect the bolt heads from wear 
and tear by the chips. 

The profile on the shaft (Fig. 4. 21) is machined as follows: 
a rounding of 400 mm radius is first turned by the cutter B 
(Fig. 4. 23) and then the tapered portion is machined. The 
profile cutter A, having a transition from the taper to the radii 
120 and 30 mm, is finally used. The cutter C is useful for the 
shaft roundings of 70 mm radius. 

Inspection of the machined profiled surface is executed 
operation-wise with the help of templates (Fig. 4. 24): the 
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Fig. 4.24. Templates for inspecting the profiled surfaces of the shaft. 

template 1 b checks the 400 mm. radius rounding surface; the 
taper surface is checked by the lower side of template ’c 
finally the template 'a' checks the transition from the taper to 
the radii 120 and 30 mm. The upper side of the template 
serves to check the finished profiled surface. 

Fig. 4.24 illustrates the counter templates for the tem¬ 
plates 'a' and 'b' which are useful for inspecting the profiled 
surface of the cutters after their sharpening. 

A stay girdle 5 is ground on the 1500 mm diameter shaft 
step ( Fig. 4. 21) after machining the surfaces with free 
dimensions finally. The girdle is necessary during further 
mounting of the shaft. Permissible play of the girdle should 
not be more than 0 . 05 mm. 

The shaft is then cut and the central hole with diameter 750 
is bored to diameter 755 A (Fig. 4. 26} for a length of 15 mm. 
This hole serves as a base for mounting the jig while drilling 
holes in the shaft end. From technological considerations, the 
dimension of this hole is chosen 5 mm less than the fitting 
diameter 76 OA 3 (Fig. 4. 21) of the collar of the armature 
(extension piece) shell. When the holes are drilled, the central 
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hole is bored to a diameter of 76 OA 3 , for the same length of 
15 mm, at the time of final shaft machining. 

Second setting. In. the second setting for turning, the shaft is 
fixed with its extension-piece side in the face-plate cams and 
its girdle 5 of 1500-mm diameter step in the stay. It is then 
adjusted by an indicator in two planes mutually at right angles. 
The shaft play at the cams should not be more than 0 . 1 to 0 . 2 mm, 
and under the girdle not more than 0. 02 mm. If necessary, 
the play is eliminated by a small grinding motor mounted, as 
was mentioned, in the lathe carriage, and above the stay whose 
upper part is removed. When this is completed, the steps with 
free dimensions and occupied by the stay in the first setting are 
turned finally. The flange and the collar too, are machined 
preliminarily. 


A stay girdle 6 (Fig. 4. 21) is ground on the 1,080 mm 
diameter step for the subsequent finishing operation; the play 
along the girdle should not exceed 0.02 mm. Then, the step 
for mounting the bushing of ball bearing 3 is machined finally. 
The diameter and the surface finish of the machined steps, as 
well as the play of the stay girdles, are checked on the lathe. 

After removing the shaft and setting it on roller supports, 
twenty 140 mm holes are marked in the shaft flange; the key¬ 
way is also marked on the step a 9 to receive the thrust-plate 
bushing. 

Flange holes of diameter 140 mm are drilled on a column 
miller by a trepanning drill (Fig. 4. 25). The shaft is so 
mounted and adjusted that its axis is parallel to the spindle axis. 
While shifting from one hole to the other, the shaft remains 
stationary on the plate and the spindle is displaced and set at 
the marking on flange 1 . 

The trepanning drill meant for machining holes in the 
flange is made up of two basic parts: a frame 6 and an inter¬ 
changeable head 3. The tapered end of the frame is fitted in 
the spindle 10 so that it does not fall off and get loose axially; 
counter wedges 11 serve this purpose. The frame is secured to 
the head 3 by bolts 4 and a centering recess 4, 
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Fig. 4.25. The trepanning drill 


The head has two accurately machined holes for receiving 
two cutter mandrels with a wringing fit and the holes ensure the 
boring to the required diameter D. The mandrels are fitted 
along with plates 2 of high-speed steel R18. 

With the help of the hose 7, a connecting pipe and an iron 
ring 8 fitted by nuts 9, a cooling emulsion is fed to the mandrel. 
To prevent its leakage, the ring 8 contains two trapezoidal 
grooves for packing 5. Through the internal cavity of the frame 
and head, emulsion is fed to the cutting edges. Rectangular 
keyways milled on the faces of the head prevent the cutters 
from rotating. An adjustable lateral gap is maintained between 
the ring 8 and the frame 6 to ensure unhindered rotation of the 
drill. The head 3 is taken 5 0 to 100 mm longer than the hole 
depth, which in the present case is equal to the flange thick¬ 
ness. The cutter 2, situated at a shorter radius, bores a cir¬ 
cular groove in the flange leaving a rod of diameter d at the 
center. As pointed out earlier, this rod is sent to laboratory 
for testing the mechanical properties. The cutter located at a 
larger radius bores the hole finally to a diameter D = 140 mm. 

The shaft is then reset at the column miller and adjusted 
in such a way that its axis is parallel to the longitudinal travel 
of the spindle and is fastened. The keyway is now milled. 

The holes in the shaft ends, intended for fastening the ar - 
mature shell, are drilled with a portable drilling machine 
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having horizontal spindle axis. In case of individual product¬ 
ion, this work is carried out as per marking, whereas in case 
of serial production, this operation is performed by means o 

a special jig. 

The lie 1 (Fig. 4.26) is two-sided. Its centering collar 
enters the bore of the shaft 9 of diameter 755D for drilling: 


through bushing 2 -- twelve 10.2 mm holes for M1Z 
threads to fasten the rotor of the goniometer generator, 



Fig. 4.26. Two-sided jig for drilling holes in the flange shaft and the arma¬ 
ture shell. 

1 -jig; 2,3,4,5 - jig bushings; 6 - brackets; 7 - screw; 8 - arma 
ture shell; 9 - shaft. 

through bushing 3 -- two 2 6.1 mm holes for M30 threads 
of squeezing bolts; 

through bushing 4 -- twelve 20. 9 mm holes for M24 
threads to secure the shell of exciter armature. 


With the same jig placed with its 760A 3 diameter lock on 
the collar of the armature shell, following holes are drilled, 

through bushing 4 -- twelve 20.9 mm diameter holes 
(with subsequent reaming without the jig, to a diameter of 
mm for transition holes); 
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through bushings 5 -- four 2 9.7 mm diameter holes to 
accommodate 30 mm cylindrical dowel pins. 

Before taking the shaft to the lathe for finishing the fitting 
surfaces, a screen 4 is first slipped over it (Fig. 4,21) and 
then the bushing 3 of the bearing is finally machined, on the 
lathe, all along the surfaces except the external one which 
should be ground along with the shaft. Finishing of the shaft 
is, likewise, conducted in two settings. 

First setting . 'The side of the shaft opposite to the flange is 
fixed in the face-plate cams, and the girdle at 1500 mm 
diameter is placed on the stay 5 (Fig. 4. 21) and adjusted by 
the indicator. The permissible play on the surfaces at face¬ 
plate cams and stay should not be more than 0. 02 mm. 

The fitting and control surfaces are now machined finally: 

a 10~ to receive lock ring; 

a^- for the bushing of the thrust bearing; 

ag- external cylindrical surface of the bushing of the 
bearing; 

a 7 ~ for contact rings; 
a. a^- for rotor shell; 
a 4 , ag- external flange surface; 
a l> a 2 " collar and external flange face. 

The play of stay girdle at 1080 mm diameter is checked; 
if it exceeds 0.02 mm, the girdle is ground. The machined 
surfaces are then ground, while maintaining the required 
surface finish and the permissible play in accordance with 
the drawing. 

Dimensions obtained are noted down in the tally card for 
shaft machining. 
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The shaft, situated on the machine, is customarily- 
received by a representative of the turbine factory. This is 
in view of the fact that the pairing (joining) of the shaft is 
done at this factory. 

Second setting. The flange side of the shaft is reset on the 
face-plate cams and the other one on the stay 6 . The shaft 
is carefully checked by means of an indicator along stay 
girdles at 1080 and 1500 mm diameters. The play permissi¬ 
ble, in this case, should also be below 0.02 mm. 

The shaft end is finally cut and all the steps up to the 
lock rings are turned. The lock meant for receiving the 
collar of armature shell is machined to a diameter 76 OA 3 . 

The armature spider 1 , preliminarily turned and finally 
machined along the lock is mounted without removing the 
shaft. It is then bolted to the shaft. The fitting and the 
free steps (b£ to by) are finished. Play of the armature 
shell end is checked. Along the cylindrical surface, it should 
be below 0 . 1 mm and along the face, below 0 , 05 mm. The 
measurements are put down in the tally card. 

The shaft along with the armature shell is removed from 
the machine, pinned and the conjugate marks are made on the 
shaft end faces and the armature shell. 

Concluding operations in making the shaft involve: filing 
off the burrs after final machining, cleaning, blowing off by 
compressed air, painting, and packing. 

The generator factory dispatches the machined shaft 
together with the tally card to the turbine manufacturing 
factory for joinint it to the turbine shaft. Armature shell 
is dispatched to the place of installation of the generator. 

4. 8 Braking segments 

For inspecting and repairing the bearing, the rotor unit 
is normally stopped and lifted with the help of brakes. The 
latter are situated in the crater of the unit on a special 
foundation or on the foot of lower crosspiece along the cir¬ 
cumference of a given diameter, Compressed air (for braking) 
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from the mains or high-pressure oil from the pipeline (for 
lifting) enters the brake cylinders and acts on their pistons 
which lift the thrust plates with friction pillow-blocks. These 
come in contact with the braking segments fitted to the lower 
part of the shell or the rotor rim and effect either braking 
or lifting. 

From the point of view of the position and nature of the 
fastening, thfere are several designs of these segments. 

Figs. 4.27, c and 4.2 8, a show a braking segment for 
rotor shell ( up to a diameter of 10 m along the wedge strips 
of the a^rm), With the left circular projection AB, the seg¬ 
ment enters the corresponding circular groove of the lower 
arm shelves 13 and is bolted to it by bolts 15. The right side 
of the segment situated on rotor rim 19 is secured to it by a 
single row of tension studs 17. It props up the rim by a 
circular projection CD located at the same height as the tooth 
of the supporting wedge strip 1 6 of the arm. The studs 1 8 of 
the rim are not connected with the braking segment. 

Fig. 4.27, a, presents a braking segment very near to 
the described design. It belongs to the flywheel-type rotor 
shell of a large-sized low-speed hydrogenerator having a 
diameter of 11, 000 mm along the arm wedge strip. The 
design is quite laborious. The circular groove AB on the 
lower rotor beam 2, as well as the friction plane 3 of the 
braking segments were machined with a tower-type turner 
and borer at low r. p. m. and feed. 

In types b and a (Fig. 4.27), the braking segments are 
brought down to the lower end of the rotor rim and fastened 
to it by double rows of tension studs. Besides, in the type d, 
the segments are, in addition, joined to the inside cylinder 
25 of the rotor rim by a circular projection 22, Such a 
measure enables them to overcome centrifugal forces. 

The technological process involved in machining the 
braking segments of Fig, 4, 28, a is explained below. 

One of the surfaces of the cut segment blank is planed to 
furnish a base for subsequent operations. Position^ ^fthe out- 
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Fig. 4.27. Methods of fastening the braking segments, 
a - on the lower beam of rotor shell. 

I - lower arm shelf of the shell; 2 - lower beam; 3 - braking 
segment; 4 - bolt; 5 - arm wedge strip; 6 - tension stud of the 
rim; 7 - rotor rim; 

b - on lower end of rotor rim: 

8 - rotor arm; 9 - arm wedge strip; 10 - braking segment; 

II - tension stud; 12 - rotor rim; 

c - on lower arm shelf and rotor rim; 

13 - lower arm shelf; 14 - braking segment; 15 - bolt; 16 - arm 
wedge strip; 17,18 - tension studs of the rim; 19 - rotor rim; 
d - on lower end of rotor rim and its bore: 

20 - arm; 21 - arm wedge strip; 22 - circular projection of the 
braking segment; 23 - braking segment; 24 - tension studs; 

25 - rotor rim. 

side and the inside cylindrical surfaces and t^e radial joints 
are then marked on the reverse side. Next, the joints are 
milled as per marking. After this, the segments are laid 
m the ring with the machined side on the face-plate of the 
turning and boring machine and with the joints very close to 
each, other. They are adjusted on the cylindrical mark and 
fixed from the inside contour. Wooden planks and wedges are 
driven into the remaining unfilled space of the face plate, bet¬ 
ween first and last segments. 

This is followed by the turning and boring operations of the 
segments up to the press cleats. The segments are overtighten¬ 
ed near the external outline by releasing the bolts and cleats on 
the side of the internal cylinder. The surface of the braking 
segments ring is machined finally. 
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To mark the threaded holes on the braking segments, 
they are brought one at a time to the machined rotor shell 
by a crane. The projection AB is led into the groove ot t e 
lower arm shelf and after setting each segment relative to 
the groove axis of the arm wedge strip, they are fastened 
by jacks and screw-clamps. Centers of the transi ion 
for fastening are transferred from the lower arm shelves ^ 
to the braking segments. Segment ends are mar e wi 
numbers and removed from the shell. 

When the holes are drilled and threaded in the braking 
segments, they are set in the places as per marking and 
bolted to the shell. Further, check-laying of rotor-rim . 
segments is done and the second row of tension-stud holes is 
transferred from them to the braking segment. hen o ow 
the drilling and threading of these holes. 

The holes are drilled toy means of a counter-bore with set 
cutters (Fig. 4. 29 a). It has a frame 4 with special grooves 
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Fig. 4. 29. Counterbores far cutting holes in braking segments. 

a - with straight teeth; b - with curved teeth. t 

for changeable cutters 2 of high-speed steel R18. Cutters are 
fixed to the frame by means of wedges 3 with the same type of 
knurled surface as the cutters themselves. Guide 1 fixed by a 
stopper screw 5 directs the counterbore. 

The next operation is the final planing and grinding of 
braking surfaces on the longitudinal-planing machine. 

The profiled rectangular keyways on smooth segment 
surfaces (Fig. 4. 28, a section C - C) are milled on the column 
millers in accordance with the marking. Before machining 
the segments, they are laid on the pedestals, close to each 
other, for simultaneous machining of 3 or 4 pieces. Then 
they are adjusted with respect to the marking line. 

A special composite cutter (Fig. 4. 30) serves as a cutting 
instrument. It consists of three discs: middle cylindrical 
disc and two lateral conical ones. The cutters are slipped 
on a mandrel whose shank is placed in the spindle of the 
column miller. 
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Fig. 4.30. Composite cutter for making key ways in braking segments. 
Concluding operations consist of countersinking of all 

Ke 10 mm radius holes, filing after machining and temporary 

acking of the segments. 

A special counterbore (Fig. 4.29. b) U used for cutting 
0 mm radius holes. It consists of a no^l-s ee 1 frame 
,nd a head 6 of high-speed steel RIB welded to it. To 

insure smooth transition, the radius cutting-e ges ave 

aper (Fig- 4- 28, b A - A), 

The design of braking segments on the end face of the 

3 heU (Fig. 4.27, c and 4.28, b) is more technological. The 

Iced for turning and boring operations is 

here. Segments are machined along cylindrical surface, t 
the final dimensions as per the guide block on a gas C1 * ® 

machine. Joints, however, are milled on the column miller 

as per either the marking or the template. 

Bearing surface of the segment is plane. Both the 
segment sides are machined on longitudinal-planing machnes 
by laying several of the segments lengthwise and b ' e *, Wl 

at a time. In view of the fact that in the present de«pi. 
the braking segments are fastened to the s amp 
segments with exact distances of holes for tension studs, 

holes in the former are drilled in a jig. 
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A 6 mm sheet 1 serves as the base of the jig (Fig. 4.31). 
Longitudinal ribs and two transverse cleats 2 are welded to 
impart rigidity to the sheet. Bosses 3 for the jig bushings 
are also welded to the sheet. 



Fig. 4.31. Jig for drilling holes in the braking segments. 


* The jig is very light; despite its large size, it weighs 
only about 40 kg. Two handles 5 are meant for moving the 
jig by two workers. The jig is so placed on the segment that 
there is the same machining allowance on both of its ends. 

It is then pressed down to the stops 4 by screws 6. 


After drilling two holes farthest from each other, gages 
are placed in them to additionally position the fixture on the 
segment. Rest of the holes are then drilled. 



The above jig is also useful in marking radial segment 
ends for milling. 


Owing to this jig, the segments are interchangeable. 

A large amount of assembly work involved in setting the 
braking segment, fastening them to the shell, transferring 
the holes and removing the segments is eliminated. As a 
result, the labor involved in control assembly of braking 
segments with rotor shell is reduced by half. 
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4 9 Rotor-rim segments 


General 

The rotor-rim of large hydrogenerators is quite huge 
and (in mechanical —(heavily loaded 
stamping the rotor-rim segments oi, say, 
hydrogenerator, 500 tons of 4 mm thick sheet steel S • 
is required. For this reason, a proper choice of t e 
logy of compiling the segments and the use of stronger r .tee , 
that permits a reduction in rim width and at the same t me 
sustaL high stresses, go a long way in reducing metal con- 

sumption. 


Fig. 4. 32, a presents a design of the rotor-rim seg¬ 
ments with a slot pitch equal to the pole pitch. Consequently, 
in an arc length of the rim, corresponding to one segment, 
there are four poles. 


The rim is assembled by overlapping the joints, i - e . , with 
normal lag of one pole pitch between two layers; hence, in case 
of such an assembly, only three out of every four segment 
layers would be in tension. 


In the modernized segment design of the same generator 
(Fie. 4. 32, b), the slot pitch is equal to half the pole pitch, t 
is obvious that on each segment there would also be four poles. 
Additional slots D permit the rotor rim assembly, with a lag 

of half the pole pitch between layers. Inconsequence, out of 

every eight segments, seven would work in tension (Fig. 4. 33, a) 


New design of the segment and alterations m the I ^® thod of 
nine the rotor rim permitted a reduction in the width of 
tbTrim of Volga HEP hydrogenerators and reduced the weig t 

of each rotor by 1 00 tons. 


In Bratsk HEP hydrogenerator the pole Is fastened 

£ 3 by £th ^rregmenfrgl^rpole was possibly 

ecause of the use of two types of segments. These segme 
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o 

a. 

3 

Fig. 4.32. Segments of rotor-rim. 

a - slot pitch equal to Pole pitch; b - slot pitch equal to half the 
pole pitch. 


each of which is made by a separate punch, differ from one 
another in the position of a pair of common dovetail slots. 


Chord - tg76 


Fig. 4. 34, a shows the first type in which both the r7—shaped 
slots are situated near the joints; Fig. 4. 34, b illustrates the 
second type where there is one H *—shaped slot near the joints. 


Such segments are laid according to the arrangement shown 
in Fig, 4.33, b, where segments 6 are of the type shown in 
Fig, 4. 34, a and segments 7 of the type shown in Fig, 4, 34, b. 
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Fig. 4 . 33. Arrangement for compiling the rotor rim. 

a -from segments of Fig. 4.32, b; b - from segments of Fig. 

4.34, a and b. 

1 -pole with one dovetail; 2,5 - tension studs; 3 - rotor-rim 
segment; 4 -pole with two dovetails; 6, 7 - rotor -rim segments 

of two types. 

Rotor rim of large hydrogenerators is assembled at the 
installation site of the generator from individual segments 
obtained by cold stamping. 

The segments are manufactured in three operations stamp¬ 
ing of slots and holes, removal of burrs and temporary packing 
of the segments. 

Stamping the rotor-rim segments 

As in case of the stator, correct cutting of sheet material 
has an important significance in rotor subassembly. With the 
object of increasing the utilization coefficient of the material, 
the use of non-standard sheets is economically justified. 

Distinctive features of rotor-rim stampings as compared 
with those of the stator active steel segments are: relatively 
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a) 



b) 



Fig. 4.34. Types of rim segments for poles with two dovetails. 

a - segment with two slots near the joints; b - segment with one 
slot near the joints. 

lesser number of elements that go into one hydro generator 
(3,000 to 12,000), appreciable weight of the blank {40 to 120 kg), 
larger circumference and greater stamping thickness (4 mm). 

There are two methods of stamping the rotor-rim segments: 
one by a combined (composite) stamp and the other by successive 
stamping (transition-wise). 

The first method ensures a high degree of precision in the 
dimensions and also gives high productivity, as the segment 
elements are obtained in a single run of the press. 

The combined stamp (for segments shown in Fig, 4. 34, a) 
is shown in Fig, 4. 35, a. It consists of a lower base 1 and two 
cushions 5 and 6 with the die steel mounted over them. The 
steel sections 2,3, 4, 9, 10, 11 and 12 cut the external profile of 
the segment and the sections 7 and 8 cut the segment holes. 
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On the upper base 13 of the stamp, there are following 
cushions of the punch (Fig. 4.35, b): 

14 - with steel sections 15, 16, 21, 17 and 19; 

21 - with steel sections 24, 22 and 23; 

29 - with steel sections 27 and 28/ 

32 - with ateel sections 30, 31 and 2 8; 

35 - with steel sections 33 and 34; 

18 and 25 - with steel sections 20 and 26. 

The work piece is pushed out and the scrap along the profile 
is removed by pneumatic ejectors that are automatically operat¬ 
ed during the return stroke of the piston. 

Since the stamping force for the segment exceeds the 
pressure developed by the press, the former is reduced by 
providing chamfers on the cutting edges of the upper stamp. The 
base is connected to the lower base by four guide columns 
fixed to the latter and enter the bushings of the upper base with 
a slip fit having an accuracy, denoted in Russian Standards as 
first class accuracy. 

The basic obstacle in introducing this stamping method, in 
the.case of high-capacity hydrogenerators, is the need for press 
equipment on which the stamping force attains a value of 1, 600 t. 
Apart from this, the making of large stamps weighing 7 
to 9 tons is quite complex. For this reason, the factories are 
forced to employ the method of successive stamping. This 
method is characterized by the fact that the upper segment-faces 
with T-slots, the lower segment-faces with keyways and the 
tension-stud holes are cut in several runs of the press; lateral 
sides of the segments are cut on guillotine shears. 

The number of runs in case of successive stamping may 
be equal to the number of pole pitches of segment (one pole 
pitch per run of the press) or half of it { two pole pitches per 
run of the press). Stamping is done by means of a block stamp 
with an indexing device. It helps shift the blank along the plane 
of stamp and fix it with respect to the stamp [5], 
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Fig. 4, 35. Stamp for cutting rotor-rim segments. 
a - die; b - punch. 
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Large sheet blanks weighing as much as 100 kg and more 
are usually fed into the stamp manually. At the "Elektrosila ' 
factory, a mechanism is devised to feed the blanks piecewise 
into the stamp. The mechanism replaces the heavy and labo¬ 
rious work of two workers. 


Inspection of the cuttings 

The order of checking the stamped segment is given 
below. Test segment cuttings are stamped and their ends cut 
according to templates on guillotine shears. The number of 
cuttings taken should be enough to assemble 3 layers of rim in 
the ring. Correctness of cutting is then checked and compared 
with the drawing. At that time, following measurements are 
taken: size of the pole grooves, chord length along outside and 
inside profiles and the diameters of tension-stud holes. The 
segment symmetry is also checked. 


After this, the segments are test-assembled in the ring on 
an even horizontal plane {Fig. 4.36). Three layers of nm are 
chosen and positioned with respect to each other with the help 
of round gages placed in the tension-stud holes. The gage 
diameter should be 0.2 mm les s than the segment-hole diameter. 
Each segment is assembled on not less than six gages. 


The column is installed and aligned. Measurements are 
then taken from segment bore diameter (as per the number o 
segments in the ring) and the inside diameter is calculated from 

the following formula: 


r', 2 (/ t -1- U + U + • • • + fn) —(_ £ 

D = --n T 


where D - inside ring diameter in mm; 

l u l 2t / n __ distances between the column and the seg 

ment face in mm; 
n. - number of mcssurenients, 
d - column diameter in mm. 


Tallying the ring diameter with the drawing dimension and 
the passage of the plug gage through all fee tension-stud ho es 
confirm the correctness of the stamped eegments. 
is taken out as a standard for checking the subeequent segments 
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CHAPTER V 


ROT OR POLES 


1 Technology of manufacturing pole cores 

Poles of hydraulic generators of 200-250 megawatt capacity 
are manufactured with ordinary air-cooled windings; the air 
entering the ventilating channels of the rotor flows only over 
the external of the coils (Fig. 5. 1, a). It is not possible to 
increase the unit capacity of a hydrogenerator without improving 
the system of cooling the rotor windings. Hence, forced air¬ 
cooled coils are the next stage in the evolution of the design 
of poles. In this case, air is fed not only into the outer region 
of the coils but it also passes across their turns, thus addi- 
tionally cooling the copper. 

In water-cooled poles, heat is eliminated by water cir¬ 
culating inside the hollow conductors of the coils. 

From technological viewpoint, poles are regarded as the 
most complex units because of the labor involved as well as 
of the diversity of the jobs required to be done during their 
manufacture, Such jobs include machining, stamping and- 
pressing the core sheets, their insulation, winding and insula¬ 
tion of coils and their pressing and baking. The necessity of 
interchangeability calls for a large quantity of technological 
equipment and appliances. 

Specially Laborious operations concerning the assembled 
core are: milling of bearing surfaces of the jaws flush with 
the corresponding surface of the core and boring of holes for 
the rods of damper windings. 

The abovementioned operations become necessary because 
of the accumulation of errors during machining of parts of the 
core and their assembling, stamping and pressing, Hence the 
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Fig. 5.1. Poles and pole coils. 

a - poles (1) and coils (2); b -pole (assembly). 

1 - damping bar; 2 - damping segment; 3 -upper insulating washer; 
4 - coil; 5 - lower insulating washer; € - steel washer; 7 - core 
insulation; 8 - core; 9 - tension stud; 10 - nut; 11 - jaw. 

task of technologists working out the manufacturing process 
and riggings is to ensure such a quality of the parts that it 
would not be necessary to process the assembled core. 
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ROTOR POISES 


The pole cores of hydrogenerators are manufactured from 

I to 2 mm thick low silicon or normal low carbon sheet steel 
punchings. 

In the case of large cores (Fig. 5.1, b), steel pole jaws 

II are used for holding the coil 4 by its tip. The core punch - 
ings are tightened by the steel studs 9 with nuts 10 screwed on 
both the sides. The studs are sunk in the recesses of the jawB 
and welded after the assembly. 

The cores of the poles of high-speed hydrogenerators are 
frequently braced to the rim by two and sometimes three 
dovetails, as only one dovetail does not give adequate strength. 

Jaws 

The jaws are, the most laborious elements of the core. 
They are prepared by three methods, viz., casting, cutting 
thick sheets, and forgings. 

Steel 35L - 111 (GOST 977 - 58), having a composition 
0. 32 - 0. 40 % C, 0. 5-0.8 % Mn, 0. 17 - 0.37 % Si, is used 
for cast jaws. 


In an annealed state, the cast jaw should possess the 
following mechanical properties: 

Yield point .... ^28 kG/mm 2 

Limit of ultimate tensile 

strength. ^50 kG/mm 2 


Relative elongation. ... ^15% 

Transverse shrinkage.... 5P^25 % 

Impact strength, . . . ak ^3. 5 kG m/cm 2 

The blanks of cast jaws should be supplied to the factory 
along with a certificate showing the results of tests in accor¬ 
dance with GOST 977 - 58. Before machining them, 5% of the 
blanks are set apart from each lot for supplementary tests. 


#• 


:-r 
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The cast jaws (Fig, 5.2, a ) possess an allowance of 7.5 to 
15 mm along all the surfaces. In order to eliminate the hard 
labor required for trimming the holes necessary for 'sinking 1 
(concealing) the stud ends and the nuts, these recesses should 
be made at the time of casting. 

From the point of view of economy, it is advisable to make 
the pole jaws of low speed generators from sheet steel (Fig. 

5.2, b), because they are cheaper than the forgings and also 
because they lessen the tediousness of various operations. 
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The jaws are cut out of sheet steel of corresponding 
thickness on a copying gas -cutting machine with an allowance 
of 4 to 6 mm along the profile. However, the faces determining 
the width 8 of the pole tip, are cut to the required dimensions. 

The amount of machining operations is also reduced on 
account of the fact that the base plane of the jaw AB adjoining 
the core sheets as well as the upper plane of the tip CD, 
parallel to the base plane^do not need any machining. 

In view rtf the fact that stre, s in the cores of high-ca¬ 
pacities hydrogenerators are higher, forged jaws of steel St. 35 
(GOST 1050 - 60) are used. The forgings are supplied in con¬ 
formity with group IV and category KP25-35 (GOST 8479-57). 

Let us consider the process and the rigging for the manu¬ 
facture of forged jaws (Fig. 5,2, c) of Bratsk HEP hydrogene¬ 
rator. These consist of: 

1) Forging the jaw blank and its heat treatment. 

2) Turning (or milling) the base bearing surface a^. Dur¬ 
ing this operation, an allowance of 5 mm is left on the back 
side a 2 * 


3) Cutting off the allowance for testing the material. 

4) Testing the material. 

5) Planing (or milling) the upper plane a£. This plane is 
machined by maintaining the jaw thickness and an allowance of 
5 mm near the pole tip (on the side of the plane a 3 ). 

6) Cutting the jaw profile on gas-cutting semiautomatic 
machine. This operation is carried out by means of a master., 
piece by leaving an allowance of 6 to 8 mm along the profile 
excepting the surfaces a^ and a^ which are cut to required 
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dimensions (the plane a 2 and the bearing plane a 3 of the tip 
serve as a base for mounting the jaw). After this, the jaw is 
annealed and the beads as well as the burrs are removed from 
it. 


Figure 5.3 clearly illustrates the reduction in the amount 
of machining operations required by the forged jaw blanks. 
Such a reduction is possible owing to the removal of appreci¬ 
able portion of allowances while cutting on semiautomatic 
machines. 



Fig. 5.3. Forged yaw blanks . 

a - blanks; b - blank cut on a gas-cutting machine; c - scrap after 
the cutting operation. 

7) Drilling all the holes in the jig and trimming them. A 
special support 9 is mounted on the table of the radial drilling 
machine and the pole jaw 10 is so placed over it that its tip 
rests on the support, as shown in Fig. 5. 4. The support is 
made in such a way that the chips can be removed from under¬ 
neath and the drill does not run into the support. 

A jig plate 1, whose outline corresponds to that of the jaw, 
is placed on the pole jaw at the top and is so adjusted as to 
ensure machining allowance only at the place where necessary. 
The jig together with the pole jaw is then fixed to the ta e o 
the radial drill by means of planks 3 activated by a pneumatic 
clamping device (not shown in the figure). After this the ho e s 


240 





ROTOR POLES 



Fi ff. 5.4. Jig for drilling holes in the jaw blanks. 

are drilled: first of all, 25.5 mm diameter holes are drilled 
through the bushing 7 and then two holes of diameter 2 8.5 mm 
are drilled through the bushing 8 to receive the extreme 
damping bars. With the same drill, holes are preliminarily 
drilled through interchangeable bushing 6 (fastened by set 
screw 5) for the coupling studs. After removing the bushing 6, 
these holes are bored finally through the bushing 2. Simul¬ 
taneously, holes are drilled for the lifting eyebolt. 

The handles 4 are used for moving the jig from one place 
to another. 

In electric machine building factories, the drawings of 
stamped elements are among the first to be released. The 
rigging for the manufacture of these elements is also designed 
and fabricated in the first instance. For this reason, the posi¬ 
tions of all the holes for a given jig are taken from the 
drawing of the pole sheet punching. Later, to avoid errors, 
they are transferred mechanically to all the devices meant for 
machining the core components. 
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When the holes are drilled, the jig is removed while the 
jaw is once again fastened by the planks 3 and the holes are 
counterbored. After this, the jaw is turned through 180°, and 
is again mounted on the support 9 and fastened. Holes are then 
reamed (Fig. 4. 29, a) and threads are cut to receive the eye¬ 
bolt for lifting the jaw. 

8) Turning the cylindrical surface and trimming the tip on 
a lathe. (Fig. 5.5). The mandrel 6 is intended for holding 
the two jaws on both sides of its plane plate. The jaws are 
to be turned along the diameters 434 and 650 mm. 



ha order to facilitate the mounting of the jaw on the four 
studs 5, their diameters are chosen 5 to 10 tnm less than the 
nominal diameters. Pins 1 (rhombic) and 4 (cylindrical), 
corresponding to the two extreme damping holes, serve as a 
base for mounting the jaw. As they are situated at the maxi¬ 
mum distance, they ensure, a more correct position of the jaw. 






















































































ROTOR po les 


With, the object of trimming the internal vertical plane of 
the jaw, a cleat 2 is screwed on to the mandrel at a fixed dis¬ 
tance from the axis of the nearer stud hole and the tool is adjust¬ 
ed according to this cleat. 

The mandrel is mounted in between the lathe centers and 
rotated by the chuck through the lathe carrier 3. To eliminate 
the wear of the central holes of the mandrel, tempered bushings 
7 are placed in the holes. The mandrel is made by welding 
in order to reduce the weight and the labor consumption. 

9) Marking the jaws for cutting slots in the jaw stems. 

For marking, a template consisting of 3-4 mm sheet 3, as 
shown in Fig, 5,6, is used. The profile of the template exactly 
matches the drawing dimensions of the profile of the jaws. The 
template contour has chamfers for facilitating the marking of the 
planes subjected to slotting operation. 
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Fig. 5.6 . Template for marking the jaws for slotting operation. 


The template is positioned on the jaw along the extreme 
damping holes with the help of two pins -- rhombic 1 and cylind¬ 
rical 2 -- fixed on it. To aid the mounting and withdrawal of the 
template, it is provided with a handle 4. 

10) Slotting the stems of the jaws. As shown by the 
experience, slotting is the most rational method of machin¬ 
ing the surface of stems. This is performed with the help 
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of the device shown in Fig. 5. 7. It consists of a plate 2 on which 

on two ^ “F Wi ‘ h ‘ he P ° le UP “°™wards. The jaw rests 
on two puts 3 and 6. Then, with the help of the studs 5, nut. 4 

was era 7, the jaw is fastened to the support 2. The 

diameter of the studs is less than that of the passage hole 

° J t ? W ‘ T 7° central messes are intended for the pass- 

g of the bolts fixing the support to the circular table of 
the machine. 



Fig. 5. 7. Device for fixing the jaws during slotting operation. 

H) Milling the segment projection on the tip plane a- 
(Fig. 5. 2, c). This projection is left as it is, when the pole tip 
is trimmed on the lathe during operation 8* 

12) Turning the jaw along the radius and the face. Turn¬ 
ing and boring operation of the jaw 1 along the external 
cylinder of the damping projection and trimming its face 
constitute the concluding operations of machining the jaw 
(Fig. 5. 8). 6 J 


The multiposition device, designed for this purpose, 
consists of a ring-shaped disc 3, (Fig. 5.8) whose diameter 
and width depend on the geometrical dimensions of the jaws. 
For economy of material, the disc is made up of several 
segments welded together. The number of places where 
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Fig. 5. 8. Device far carrying out turning and birring operation on the jaws. 

the jaws are fixed on the disc is chosen in such a way that the 
jaws may be machined in as few settings as possible. 

To ensure correct position of the jaws, it is imperative to 
support each of them (as in earlier devices) on two extreme 
damping holes. Accurate marking of holes on the disc for mount¬ 
ing the base pins is impossible without the coordinate-boring 
machine. It is also impossible to drill these holes on the same 
machine owing to the large size of the disc of the device. For 
this reason, the recess serves as a base surface for mounting 
the jaws on the disc. The width and the radius of the recess 
should be in accordance with the diameter of damping holes in 
jaws and their position. This groove should be machined in one 
setting of the external cylindrical surface of the disc, since the 
disc is to be adjusted in the chuck of the turning and boring 
lathe by it. 

At the time of mounting on the disc, each of the jaws should 
be so fitted that the holes slip over the three studs 6 of a 
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reduced diameter. To ensure its correct position, a cylindri¬ 
cal pin 2 is placed in each of the two extreme damping holes, 
and the jaw is moved till both the pins fall in the circular 
groove. Now the jaw is fastened by nuts 4 on the studs. 

For free withdrawal of the cutter, the disc height at the 
external cylinder is reduced by 5 mm. 

Tapered holes 5 on the disc are provided for screwing in 
the eyebolts for lifting. 

Damping strips (segments) 

In the pole subassembly, the damping strips 10 (Fig. 5. 9), 
put on the damping bars, should also be interchangeable. As a 
rule, these segments are made from a uniform copper strip. 
Except in some instances, when the drawing requires machining 
of chamfers at the ends, the segment planes are not machined. 
They may have significant tolerances along the length -- within 
the limits of 2 mm -- and hence, they are chipped to the re¬ 
quired dimension on press-shears or on disc saws. 

For accurate matching of upper holes of jaws and the holes 
in damping strip, the latter are drilled in the jig (Fig. 5. 9,b). 
Coordinates of the mutual position of the holes axe also chosen 
from the computed data regarding the position of the damping 
holes on the block stamp for punching the pole sheet. 

The jig consists of a welded base 4, to which a collapsible 
jig plate 3 with bushings 6 and 8 is hinged. In order to adjust 
the damping strip correctly, two thrust pins 9 are mounted on 
the base along the external surface and one pin $ is provided to 
support the damping strip along the face. Besides this, two 
double-acting clamps 7 with bolts 1 are fastened to the base. 
These clamps simultaneously press the damping strip to the 
pins 9 and to the base 4. When the strips are clamped, the jig 
plate is lowered on to a special plane and pressed to the base 4 
by hinged clamps 2. 

After drilling the holes, the jig plate is released and tilted; 
thp bolts 1 are loosened and the strip is readily removed from 
the device. 
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Fig.5.9. Jig for drilling holes in the damping strip. 


A'B-C-D 


The use of the device described above facilitates the 
mounting of the strip as well as its removal after the drilling 
is completed. Moreover, it also permits free access to the 
base surfaces for cleaning off chips. 

Pole wedges 

The poles are fastened to the rotor rim by means of T- 
shaped stems of the cores. These stems enter the correspond¬ 
ing slots of the rotor rim and are wedged by long tapered pole 
wedges, whose inside faces have a gradient of 1 in 2 00 (two 
pairs of counter wedges on each stem). 

The wedges of the pole (Fig, 5. 10, a ) are technologically 
one of the most labor consuming elements. Machining of 
relatively thin and long blanks of variable section gives rise to 
deformation in them and hence, requires meticulous dressing. 
Special attention should, therefore, be paid to the selection 
of blanks and that of the wedge manufacturing technology. 

-F rom these considerations and the production experience, 
the "Elektrosila" factory uses key steel of rectangular or square 
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Fig. 5.10. Wedges of the pole and of the rotor rim. 

a -pole wedges; b - rim wedges; c - device for checking a pair of 
pole wedges. 

1,2 - pole wedges; 3,4 - wedges of the rotor rim; 5,6 - a pair of 
wedges; 7 - device. 

section for the wedge blanks. Machining has then to be carried 
out only along the inclined plane. Dimensions of the key steel 
should be taken into consideration so as to lessen the tedious- 
ness in selecting the dimensions of the stem of the pole and 
the T“groove of the rotor rim. 

Following requirements must be satisfied by the pole 
wedge s: 

a) working planes of a wedge pair should be parallel to 
each other with a maximum admissible deviation of 0. 2 mm; 

b) at various points along the inclined plane, the looseness 
of the wedge contact should not exceed 0.2 mm; 

c) total looseness of a pair of wedges should not be over 
20% of the working wedge length. 
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The technological process of machining the wedge involves 
four operations: 

1) cutting out blanks to the given size with an allowance of 
+ 2 mm, and subsequent dressing of the rib; 

2) planing the inclined plane on a longitudinal planing 
machine in a special appliance; 


3) filing off the burrs planing and making chamfers along 
the faces (by a grinding motor); 

4) pairwise assembly of the wedges in a special appliance 
and marking. 

Planing of the inclined plane and the assembly should be 
placed among the basic operations of machining the wedge. 

Fig. 5.11 shows a sectional view of the universal device 
for planing the wedges. The plate 4 - - about 3.5 m long --has 
a gradient of 1 in 200 on the upper plane. Detachable cleats 5, 
selected according to the width of wedges 6 mounted on the 
plate 4, are screwed on to the plate. The wedges 6 are pressed 
to the cleats 5 by means of special blocks 7 and tapered cleats 
8. The tapered cleats move axially along with the rods 9 
connected to the plungers 2 of pneumatic cylinder 1. Nuts 10 
and spherical washers 11 serve to regulate the travel of the 
tapered cleats 8. 



Fig.5.11 . The device for planning pole wedges. 
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Eight pneumatic cylinders 1 with clamping elements are 
uniformly spaced along the entire length of the device. Air 
enters the cylinders through the pipeline 12, whose stopcocks 
feed air simultaneously to the first three cylinders and the re¬ 
maining cylinders are fed one at a time depending on the length 
of the wedges. 

The device is fixed to the table of the planing machine by 
lugs 3 of the plate 4. 

It is evident from Fig. 5.11 that there are four wedges 6 
(two on each side) placed on this device. These are machined 
by both the carriages. Experience has shown that when a large 
number of wedges are fastened on each side, their mounting 
becomes incorrect. When the planing is completed and the 
blank released, the wedge strips 8 along with the rods 9 are 
drawn out to the upper position by means of springs (not shown 
in the figure), situated between the plate 4 and the strips 8. 

As a result, the blocks 7 also move horizontally towards the 
axes of the rods 9 with the help of the springs mounted on 
plate 4. 

A simple device 7 for assembling and checking the wedges 
is shown in Fig. 5. 10, c. It consists of a rectangular or square 
blank. An open slot of dimension h -- the width of a wedge 
pair -- and hj, somewhat greater than the wedge height, is 
planed in it. 

The assembling is conducted in the following manner: the 
filed short wedge 6 is placed with its thin end in the slot and 
the wedge 5 is moved close to it and pushed to the end. Local 
clearances are then measured by a gage in accordance with the 
technical requirements mentioned above. The distance bet¬ 
ween the ends of wedges 5 and 6 is also measured in the same 
way. 

In accordance with the allowance of + 0. 2 mm and gradient 
of 1:200, the length should be within the limits t 40 mm. In 
case, £ is not within the prescribed limits, a pair of wedges is 
chosen, satisfying the above requirements, by suitably changing 
one of the above wedges. The set accepted by the Department 
of Technical Control is removed from the device and marked. 
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Fig. 5.10, b shows the wedges of the rotor rim, also with 
a gradient of 1 in 200 along the tangential plane. Their function 
is to key the compiled rim relative to the rotor shell. 

The lower packing wedge 4 acts, at the same time, as a 
key transmitting the torque from the shell to the rim; hence, 
it is prepared with greater precision than the wedge 3, which 
is only a distance wedge. Hot-rolled steel St, 5(GOST 380-57) 

with a square or a rectangular section is used to manufacture 
the wedges. 

the packing wedge 4, as is obvious from its dimensions in 
the figure, is machined on four sides, whereas the distance 
wedge 3 is machined only on three sides. The gradient of 1 in 
200 is planed in the universal device (Fig. 5. 11). 

Jnterpolar connectors (Bars) 

The interpolar flexible connectors (Fig, 5. 12) of the damp¬ 
ing winding of two adjacent poles are composed of 0.2 to 0.5 mm 



Fig. 5.12. Bending the connecting bars. 

a - connecting bars; b - die for bending. 
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thick, tinned copper plates. These are bent into a loop on a sim¬ 
ple die 2 and soldered along edges ( to a length of 70 mm). Each 
of the connectors has two holes for fastening them to the damp¬ 
ing segments of the neighboring poles. 

Without destroying the joint, the flexible bars should com¬ 
pensate for the thermal expansions of the damping segments, 

A jig for drilling the holes simultaneously in four bars 3 
is shown in Fig. 5. 13. The jig plate 4 contains grooves c and 
c. for supporting the blank along the external profile of the loop 
add recesses ab and for breadthwise support. The base 2 

of the jig also has grooves to support the lower series of blanks 
along the external profile of the loop. 

Mutual position of the base 2 and the jig plate 4 is located 
by two pins 9 (cylindrical) and 1 (rhombic). The jig plate presses 
the blanks under the action of the star wheel 6 screwed on the 
stud 7 of the base 2. To avoid tearing off at the time of drilling 
the individual plates soldered along the bar ends { to a length 
of 70 mm), the jig bushings 5 are so designed that they are in 
close contact with the bars. On the upper part of the star wheel 



Fig. 5.13. Jig far drilling holes in the connecting bar. 
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6, there is a hexagonal projection to furnish additional tighten¬ 
ing by a spanner, if necessary* 

When loosened, the jig plate moves up under the action of 
the spring 8 and releases the blanks. 

Pole cores 


The pole core may be assembled (compiled) with its axis 
in the vertical or horizontal position. 


Vertical assembly 

The vertical assembly is more widely adopted since it 
does not require any special rigging. It is carried out by two 
workers (Fig. 5. 14). If the core height is more than 1500 mm, 
the assembly becomes complicated, since special platforms 
are then needed'to lift the sheets. These platforms consist of 
assembly plates mounted on pedestals. Usually one of the worker 
stands on this platform. While assembling, the worker at the 
top places the pole punchings in packets, weighing 5 to 6 kg, 
simultaneously on four studs. The worker at the bottom brings 
these strung packets down to the lower position. The assembl¬ 
ing itself is physically heavy and hence, tedious. In case the 
core is long, it is fastened to the plate by special couplers to 
prevent it from falling when one-third or half of the core is 
assembled. This, in turn, gives rise to additional obstacles. 



Fig. 5.14. Assembling the pole cores. 
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Horizontal assembly 

This is performed in a special device (Fig. 5. 15), consist¬ 
ing of a welded plate 1 with crossbeams at the top. On these 
beams are installed two welded guides 5. The guides may be 
moved apart so as to form openings ranging from 200 to 400 mm, 
corresponding to maximum and minimum width of pole punchings. 
1 he lateral guides 5, after being adjusted to the required open¬ 
ing. are fixed to the crossbeams of plate 1 by bolts and nuts 
b. These beams have special T-grocjves for moving the 
fastening bolts 6. Vertical stops 2 are fixed on the left end 
of the guides 5. whereas the flange 18 with pneumatic cylinder 
6 is bolted on the right end. The piston 17 of this cylinder, 
having a stroke of 300 mm, develops a pressing force of the 
order of 2. 5 to 3 tons. The flange 18, has also grooves for 
permitting the guides 5 to move relative to it. 

The length of the guides is made to suit the largest core. 
When assembling short cores, an extension 1 2 is fixed to the 
cylinder rod. 15 by means of coupling 14 and the thrust journal 

11 is fastened to this extension. To prevent the extension 12 
from sagging, a supporting bracket 13, allowing the extension 

12 to pass through its hole is fixed on the upper plane of the 
guides. 

Before the device is adjusted, the bolts 6 and 19 are 
released and the guides 5 are moved longitudinally along 
their axes. After this, they are set to the given dimensions 
equal to the width of the pole punching plus 0. 3 - 0.5 mm. 

Stops 7 with squeezing screws 8 are placed on base 1 for 
precise regulation of the guides, which are then fixed by bolts 

6 to the plate 1. The flange 18 of the cylinder 1? is secured to 
the guides 5 by bolts 19. 

If the core is short, then as pointed out earlier, the 
extension rod 12 with thrust journal 11 and the supporting 
bracket 13 are mounted. 

The core is assembled as follows; first, the pole jaw is 
mounted with its tip on the upper plane of the guides and moved 
up to the stops 2. Packets of core punchings are then assembled 
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Fig. 5.15. Device for horizontal assembly of the pole cores. 
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so as to fill the entire space between the jaw and the thrust 
journal. The pneumatic cylinder is set into operation and the 
thrust journal 11, travelling from right to left, pushes the 
punchings to the jaw. The rod 15 is then brought back to its 
initial position and in the space thus left, more punchings are 
assembled. The operation of pressing the punchings is repeated 
several times till the space gets completely filled up with punch¬ 
ings. 

When assembled completely, the punchings are pressed 
from the top for closer contact with the upper guide plane. 
Further, from the side of the jaw, pneumatic hammer drives 

in the tension studs 9 with nuts screwed on one end. When the 
studs are deiven in, the nuts 1 0 are tightened on the other end 
of the studs. 

When this is done, the pressure is released and the piston 
along with the rod is brought back to the initial position. Further, 
the pneumatic hammer drives the damping bars into the core in 
such a way that their ends on the right side are flush with the last 
core punchings (Fig. 5. 16), The ends of two extreme bars, how¬ 
ever, should project beyond the punchings so as to facilitate addi¬ 
tion or removal of required number of punchings during the sub¬ 
sequent pressing. The core is now taken out of the device and 
passed on for the oressinsr oDeration. 



Fig. 5 .16. Driving the damping bars into the core. 
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This operation is conducted on a 400 to 600 ton horizontal 
hydraulic press. A special device (Fig. 5.17) is mounted on 
this press for correct mounting and tightening of the core 
assembled earlier in another device (Fig. 5.15). At the start, 
the left (front) guide 7 is set, relative to longitudinal press 
axis, to a width equal to half the core width A/2. The right 
(rear) guide 9, on the other hand, is set relative to the press 
axis at a width equal to half the width +10 mm. These are 
then fixed to-the concrete base of the device. After this, the 
rear stop 18 is fixed along the press axis, to the rear traverse 



Fig. 5.17. Arrangement for pressing the core in a horizontal press. 

1 - front press traverse; 2 - plunger; 3 - disc; 4 - stop; 5 - column; 
6 - faucet ; 7 - left guide; 8 - plank; 9 - right guide; 10 - pneumatic 
clamp; 11 - side clamp; 12 - wedge strip; 13 - pneumatic cylinder; 
14 - core; 15 - tension stud; 16 - stop; 17 - base plate; 18 - rear 
stop; 19 - rear traverse of the press. 
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19 connected with the front traverse 1 by columns 5. The stop 
18 is so fastened that its upper shoulder is at the same level 
as the upper plane of the guides 7 and 9 and acts as a thrust 
jaw. 

The stop 18 consists of a welded structure whose rear 
vertical plane is contiguous to the traverse 1 9 of the press and 
fastened to it by four bolts. Surface of the stop adjecent to the 
jaw should correspond to the shape of the latter. 

The upper plane of the stop 18 is the thrust jaw and 
should be at the same level as the guides of the device, mounted 
on the press. Special bosses 16 with grooves are welded from 
the side of the contact between the stop and the jaw. The width 
of the grooves is 3 to 5 mm greater than the dimension of the 
nut so as to accommodate the spanner. When the jaw 4 is mount¬ 
ed, the bosses 16 of the rear stop should enter the trimmed 
holes of the jaw; moreover, they should grip the nuts, and pre¬ 
vent the rotation of the latter while they are tightened on the 
studs at the front stop. 

The projecting ends of the bosses should be 1 0 to 15 mm 
shorter than the depth of the trimmed hole. 

By the use of intermediate disc 3, the front stop 4 is 
mounted against the plunger 2 of the press. This stop is also a 
welded component and fastened by its rear plane to the inter¬ 
mediate discs 3 which is fixed to the plunger 2 by means of 
two bolts. Front surface of the stop is profiled and touches the 
front (external) surface of the jaw throughout the pressing opera¬ 
tion. 

To facilitate lateral pressing of the core to the left (front) 
guide 7, a movable wedge plank 11 is provided on the right 
(rear) guide 9. Under the action of the pneumatic cylinder 13 
and with the help of wedge strip 12, the plank 11 is able to move 
10 mm in a transverse direction. 

The long removable plank 8 serves to press the core to 
the upper plane of the guides 7 and 9 from above. This plank 
itself receives force from the wedge plungers of cylinders 10 
that are fastened to these guides. 
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Core pressing 

In the device, set for a distance of A+ 10 (Fig, 5.17) the 
core 14 is installed with its jaw towards the rear stop 18. First, 
the face clamp 11 is actuated and the core is pressed to the 
fixed guide 7. Next, the upper pneumatic cylinder 10 is switched 
on and its wedge plunger presses the core to the upper guide 
plane by means of plank 8. Finally, the press is operated and its 
plunger 2 with the help of front stop 4 exerts a force on the core 
till the nuts are loosened. The press is now switched off, the 
nuts are tightened and the plunger is turned on to the reverse 
stroke; at the same time the plunger and the front stop are drawn 
away from the core. The jaw is mounted on the front stop and 
the press is again operated for the working stroke. 

As the plunger moves, the jaw slips over the two project¬ 
ing damping bars and by exerting a pressure on the core moves 
it towards the rear stop. 

The pressing force is determined from the following 
formula: 

Q = P S [kG], 

2 

where p — specific pressure in kG/cm , 

2 

S = area of punching (excluding all the hole areas) in cm . 

The value of p is selected from the table 5.1. 


Table 5. 1 
Specific pressure 


Core length, mm 

Specific pressure, kG/cm 2 

Up to 1000 

100 

From 1000 to 1600 

110 to 120 

Over 1600 

120 to 140 
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The pressure of the press is found from 
x = Q/A [gage atmospheres], 
where A = constant of the hydraulic press. 

When the press is switched off, the core length is measur¬ 
ed along stamped punchings without releasing the pressure. If 
the measurement corresponds to the required length, the nuts 
are mounted on the tension studs 15 from the front-stop side 
and tightened by special spanners. In case the dimensions do 
not correspond to the drawing dimensions, the plunger is 
switched over to the reverse stroke and the front stop is drawn 
away along with the jaw. The required number of punchings is 
added to or removed from the core and the pressing is repeated. 

When pressing is completed and the nuts tightened, the 
plunger with the front stop is drawn back to the initial position; 
the upper and the side clamps are disconnected and moved away 
by faucets 6. 


The core is now removed from the device. If the core is 
found to be curved, it is set right on a special plate by means 
of a pneumatic hammer (Fig. 5.18). 

The assembled and pressed core should satisfy the follow¬ 
ing requirements: 

a) the distortion (convexity or concavity) of the core sur¬ 
faces, checked by placing a ruler on the testing plane, should 
not deviate more than +0.5 mm from a straight line; 

b) permissible combing of steel punchings misalignment 
of sides should not exceed 0.2 to 0,3 mm; 

c) the jaw shank should not project beyond the core shank; 

d) the misalignment of jaw relative to core is not permit¬ 
ted in the core shank in the plane of the wedge adjoining it; bolts 
and nuts should not extend beyond the plane of the jaw and the 
sides of the jaws should be filed off. 
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Fig. 5. 18. Hammer far core dressing. 


The rest of the assembling and finishing operations 
include: 

1) adjusting the uniformity of the projection of damping 
bars on both sides of the core and calking them to the core; 

2) mounting of the damping strip and its soldering to the 
damping bars. Before fitting the damping strips to the bars, the 
projecting ends of the damping bars should be washed thoroughly 
with B -70 benzine. After fitting, the bars should project 2 to 3 
mm beyond the strips; 

3) soldering the damping cage, with a gas-flame burner, 
using borax as flux. Soldering may be done in two ways: 

a) in vertical position; in this case the core has to be 
mounted twice and fastened securely. 
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b) in horizontal position; in this case 5 to 6 mm holes 
should be drilled in the damping strip above the holes for 
mounting the rods. While soldering the damping system m 
such a position of the core, borax solution is used. After 
pouring it in all the holes, the solution is heated till ^appears 
to the gap between the bar and the strip. The solder (PMF-7 or 
PSr-15) is fed only afterwards. 


When soldering operations are completed, the checking 
ruller should be placed on the core and in case it is found to 
be curved it should be straightened. 


Insulating the pole cores 

In large hydrogenerators, the colls are Insulated from the 
cores by using hard insulation liner made of asbestos-glass- 
textolite. It consists of straight strips for slot portions an 
rounded strips for frontal coil portions (Fig. 5. 19). 



The straight strips are made (pressed and baked) in a 
mold of a multiblock hydraulic press with steam heating. In 
doing so, packets of sheets of asbestos-bakelized paper an 
glass cloth are laid alternatively in the mold. For the fron a 
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strips, similar packets are pressed and subsequently baked in 
an electric furnace. 

Individual components of the insulating liner are glued 
together by glue BF-2 in a special device. This insulation has 
a greater strength. Apart from this, its cost is reduced owing 
to the use of cheaper materials and mechanization of manual 
labor. 

5.2 Pole core, production flow 

For increased output, better organizational work and for 
ensuring free movement of overhead cranes, it is advisable to 
create a special section for manufacturing pole cores with low 
capacity conveyors, Be sides, the equipment, the appliances and 
the storehouse should be located along the course of the manu¬ 
facturing process. 

Fig. 5. 20 schematically shows the flow of pole core pro¬ 
duction at the "Elektrosila" factory. 

The incoming core elements are stored on platform 1 and 
horizontal core assembling is conducted on a special stand 3 in 
two devices 4. The space between these devices is intended to 
accommodate the shelves 5 with pole punchings and to furnish a 
working space for the fitters. When the assembling is finished, 
damping bars and tension studs are driven into the core in the 
same devices 4. The core is further passed on to the adjacent 
hydraulic press 6 with the device 7 mounted on it. 



Fig. 5.20. Pole core production flow. 
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Dressing of the cores 8 is performed along two perpendi- 
cu ar planes by means of a pneumatic hammer (Fig. 5 .18) on a 
massive long plate 9 with a central longitudinal groove. During 
the first mounting, the groove in the plane contains the core 
shank and at the time of the second mounting- the damping tip 
(projection). The head of the hammer 10 , hinged to the column 
can dress several cores situated along the plate length. 

The remaining assembling and finishing operations of cores 
, * re . follows: equalizing the projection of damping bars (on 
both sides of jaw), calking them to the core, and mounting the 
damping strips on the bars. The horizontal sobering of the strips 

is carried out on the plate 12 , whereas the filing, cleaning and 
finishing operations are done on the shelves 15 . ' 

A telpher with a hoisting capacity of 4 tons moves along 
the beams laid along the entire line. 

5. 3 Technology of manufacturing pole coils 

Coils with normal air-cooling 

I he pole windings (rotor coils) of hydro generators are 
made of bare copper wound on a rib. The coils have an elongated 
rectangular portion and a frontal portion adjoining it and have 
one or two circular bands (Fig. 5 .1, a and 5. 21, a and b). 



Fig, 5.21 . Frontal coil portion. 

a - with one circular bend ; b - with two circular bends. 
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Coils are normally made of MGM ( GOST 434.53) copper 
bar, as well as from rectangular copper with double-sided 
bevels on the left side (Fig, 5. 22 , a). The bevels are provided 
for increasing the external cooling surface of the coils. 




Fig. 5.22, Sections of copper far rotor coils. 

a - rectangular with double-sided, left bevel; b - rectangular with 
technological right bevel; c - rectangular with double-sided left 
bevel and technological right one. 


Making of such shape presents considerable technological 
difficulty. In the course of bending a rib, bulges or beads are 
formed on the internal rounded frontal portions of the turns. 
These should be removed, for they increase the coil height and 
may cause accidental short circuits in the turns. Removal of 
beads, however, requires great expenditure of mechanical and 
manual labor. 

The use of shapes b and c (Fig. 5 . 22 ), with bevels on the 
right side, excludes the formation of beads increasing the copper 
thickness and consequently, eliminates the operations associated 
with their removal. For this reason, the rotor coils of the 
hydrogenerators are made at the "Elektrosila” factory mainly 
from copper of shape c. 

Copper with such special shapes is supplied by the cable 
factory which manufactures it by the method of drawing wires 
out of corresponding rolled stock. 
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This copper is supplied to the following specifications 
(GOST 434-53) on the copper bars: 

2 

a) in coils, with the profile section of 400 to 800 mm ; 

b) each coil should be m a soft state after bright, anneal 
ing, without soldering a and weldings; 

c) the weight of the coils should be within 60 to 85 kg. 

The profiled copper is manufactured with the tolerances 
given below: 

in thickness h. C 4 

in width l . +0.3 mm 


in width of bevelled portion 

left t ^ . 

right l 2 . 


4-0.5 mm 
+ 0.2 mm 


in thickness of bevelled portion 



Radii of the rounding R and R 2 are taken between 0. 5 
and 2 mm. 


Fig. 5. 23 shows the templates for checking the bevelled 
portion and the thickness of copper (position 1). As a rule, 
the generator factory prepares these templates and sends two 
sets to the cable factory for checking the copper during wire¬ 
drawing. 

Experience in manufacturing rotor coils revealed that the 
the use of special sections of copper b and c (Fig, 5.22) results 
in additional advantages. As mentioned above, the rotor coils 
are wound from coils of copper bar weighing 60 to 85 kg and 
each coil is capable of furnishing several turns. If copper with 
rectangular shape a (Fig. 5.22) is employed, this section 
should be sent to the milling machine for removing beads. 

Much time is spent in subsidiary manual operations during 
this procedure: dressing of copper, flanging of the turn for 
introducing milling cutters, and repeated fastening of the 
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pig 4 5 , 23 , Templates for copper sections shown in Fig. 5.22, c. 

1 - shape of copper; 2 - template for checking width and thickness 
of the copper; 3,4 - template and counter -template for checkmgthe 
technological bevel. 

AT - Admissive template. IT - Inadmissive template. 


sections to the machine table. The larger the copper section, 
the more difficult become these operations. This explains the 
repeated unsucessful attempts at winding the rotor coils out of 
butt-welded copper coils. 

Since the pole coil of a large hydrogenerator weighs 500 
to 600 kg, it has to be assembled in six to ten sections. A part 
of copper turns should be cut during assembly to give correct 
configuration to the rotor coils made from several sections. 
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However, by using copper sections b and c (Fig. 5.22), in 
which case beads are not required to be removed, winding is 
not carried out sectionwise but continuously on the entire rotor 
coil. During this, the end of the first section (of the copper coil) 
is butt-welded to the beginning of the second, the end of the 
second is welded to the beginning of the third, and so on. As a 
result, such tedious operation, like assembling the rotor coil, 
is eliminated and technological wastage in copper consumption 
is avoided. 


Table 5.2 


Dimensions of special copper section (Fig. 5.22, c) for single - 

bend rotor coil 



_Geometry of the bevel_' 

Thickness_ Taper _ Minimum thick- 

of the Magnitude, Reduction in neas ; aj, mm 

section,a, degrees thickness, 

mm mm 


7. 0 

1° 20' 

0. 6 

6.4 

7. 5 

1 

0 

A 

O 

0. 7 

6. 8 

8. 0 

1° 40' 

0, 7 

7. 3 

8. 5 

2° 

0. 8 

7. 7 

9.0 

2° 

0. 8 

8.2 

9.5 

2° 

0.9 

8.6 


Contd. 


> 
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Thickness 
of the 
section, a, 
mm 


Geometry of the bevel 


_ Tape? _ 

Magnitude, Reduction in 
degrees thickness, 

mm 


Minimum thick- 
ness,&i, mm 


-J 


10.0 

2° 

10. 5 

" 2® 20* 

11.0 

2° 20' 

11.5 

2 o 40 i 

12.0 

2° 40 1 2 3 

12.5 

2° 40' 

13. 0 

2° 40' 

13.5 

3° 

14. 0 

3° 

14.5 

3° 20* 

15.0 

0 

IV 

o 


0.9 

9.1 

1.0 

9.5 

1.0 

10. 0 

1.1 

10.4 

1.1 

10. 9 

1.2 

11.3 

1.2 

11.8 

1.3 

12.2 

1.3 

12. 7 

1.4 

13. 1 

1.4 

13.6 


Remarks: (1) Dimensions Were determined on the basis of sec¬ 
tion width b = 62 mm; lengths of technological 
bevel l = 25 mm and of cooling bevel, c = 8 mm. 

(2) For section with b v62 mm, the thickness aj 
should be reduced by 0. 015 mm for every milli¬ 
meter above 62 mm. 

(3) Value of t should not be less than 0.4 b, and of 
R not less than 120 mm. 
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In case of double-sided bevel on copper of special sections, 
gaps are formed on the straight portions of the pole coil, on the 
side of the pole core {Fig. 5.1, b). These gaps are filled with 
strips of asbestos paper, glued on both sides of the copper. 

Tables 5.2 and 5. 3 show the copper dimensions for the 
rotor coils of section c (Fig. 5.22). 

Table 5. 3 

Dimensions of special copper section (Fig. 5.22, c) for double- 

bend rotor coil 



Thickness 
of the 
section^ a, 
mm 


_ Geometry of the bevel _ 

_ Taper _Minimum thick - 

Magnitude, Reduction in ness a^, mm 

degrees thickness, 

mm 


5. 5 

2° 20' 

1.0 


4.5 

6. 0 

2° 20' 

1.0 


5.0 

6. 5 

2° 40* 

1.2 


5.3 

7. 0 

2° 40« 

1.2 


5.8 

7. 5 

3° 

1.3 


6.2 

© 

00 

3° 

1. 3 

* 

6. 7 

8. 5 

3° 10' 

1.4 


7. 1 

9.0 

o 

f—i 

0 

on 

1.4 

1 

7. 6 


Contd. 


* 
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_ Geometry of the bevel _ 

Thickness _ Taper _ Minimum thick 


of the 

section,a f 

mm 

Magnitude, 

degrees 

Reduction in 
thickness, 
mm 

ness,ap 

9.5 

3° 20' 

1.5 

8. 0 

10. 0 

3° 20' 

1.5 

8. 5 

10. 5 

OJ 

0 

o 

1.6 

8. 9 

11. 0 

o 

XT 

0 

fn 

1.6 

9.4 

11.5 

4° 

1. 7 

9.8 

12. 0 

4° 

1.7 

10. 3 

12.5 

4° 10' 

1.8 

10. 7 

13. 0 

4° 10' 

1.8 

11.2 

13.5 

4° 20' 

1.9 

11.6 


Remarks: (1) Dimensions were determined on the basis of sec¬ 
tion width b = 62 mm; length of the technological 
bevel £. =25 rnrh, and pf the cooling bevel 
c — 8 mm. 

(2) For the section with b "> 62 mm, its thickness 

aj should be reduced by 0. 02 mm for every milli¬ 
meter above 62; the value of ■€ should not be less 
than 0. 04 b. 


Winding the pole coils 

Fig. 5.24 shows a machine in use at the ’’Elektrosila" 
factory working on the principle of a turning and boring lathe. 
It is meant for winding the bare copper of single- and double - 
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Fig. 5.24. Machine for winding the copper of the rotor coUs. 

bend, rotor coils of the hydrogenerator poles. The drive is ob¬ 
tained from the motor 1 , through a flat belt and a gear train, to 
the bevel-tooth rim of the wheel mounted on a vertical axis. 
The axis passes through the hole in the center of table 2 and on 
it, somewhat higher, is fixed a cogwheel which is engaged 
with an oval cogwheel Z 3 mounted freely on the fixed pin 3. This 
Z 3 has a longitudinal groove and when in operation it performs 
sliding and rotating motion. The wheel itself moves along the 
pin 3, while its base slides along the table 2 (Fig, 5.25, a). 

The length and the width of the gear wheel Z 3 should be 
very close to the dimensions of the rotor coil. The gear wheel 
is replaced only when the difference in the sizes of the coils to 

be wound is above 200 mm. 
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Fig. 5. 25. Rotor -coil winding. 

a - rotation of the mandrel while winding a rotor-coil turn; b - cut¬ 
ting off the rotor-coil turns on pneumatic shears. 

Turns of the rotor coils are wound on a special mandrel 
fastened on the wheel Z3. Moving along with it, the mandrel 
winds around itself the copper strip, thus forming turns. 
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The machine is equipped with pneumatic shears. Figure 
5. 25, b shows a view of lifting the wound rotor coil on ropes 
for cutting off the lower turn, at half its length, from the copper 
coil. Two or three turns, remaining on the mandrel, make it 
possible to carry out subsequent winding without fastening the 
copper strip in the mandrel clamp. 

Following are the basic data of the machine: 


maximum internal dimension of coil, in mm 


along the width.5.00 

along the length.. 2800 


maximum sectional area of the wound copper, 


in mm^.. 800 

r. p. m. of the mandrel. 0. 5 to 2 

size of the machine, mm. 4320x4150x1400 

motor. A062 -4 

capacity, kw..... 5 

r. p, m... 1450 

weight of the machine, kg... 15,400 


Annealing the pole coils 

While being wound, the copper acquires extra stiffness and 
elasticity. On account of this, the pole-coil turns do not occupy 
a correct position and are not closely in contact with each other. 
This necessitates annealing of the pole coils to relieve the in¬ 
ternal stresses and to reduce stiffness. 

Annealing of copper in conventional electric furnace is 
followed by the appearance of scales, the removal of which is 
quite troublesome and laborious. It is, therefore, preferably 
carried out in electric furnaces for deoxidizing heat treatment. 

In other words, it is conducted without access to air with subse¬ 
quent cooling of copper by cold water. 
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Fig. 5.26 shows a small furnace for bright annealing of 
coils, designed and constructed at Novosibirsk turbogenerator 
factory. The working space of the furnace is semi-cylindrical 
and the internal walls are made of 4 mm thick heat-resistant 
steel lKhl8N9T with flat bottoms welded to the end faces. The 
walls and the bottoms project below and when immersed in water 
form a water-gate which blocks the access of air into the furnace. 
Insulating rings 12, which are fastened to the ribs welded along 
the cylindrical surface of the furnace, are made of chamotte. 

The fastening is done by a 3 mm diameter wire of alloyKh20N80. 
Six heaters, connected in two parallel stars, pass through these 
insulators. 



Fig. 5.26. Electric furnace for annealing pole coils. 

The heater is a 5,5 mm diameter wire twisted into a spiral 
of pitch 12 mm and external diameter 44 mm. The space between 
internal and external walls (casing 8) is filled with diatomaceous 
powde r. 

The furnace is mounted with its four rollers 9 {two on each 
side on the lower part) rolling along the rails laid on the upper 
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portion of the welded bath 7. The horizontal travel of the fur¬ 
nace along the bath from one position to the other is accomplihed 
by means of two plunger-type hydraulic cylinders 10. Two 
hydraulic cylinders 5 are also placed at the bottom of the bath. 

A welded steel platform 2, to be immersed in water, is located 
on the plunger rods of these cylinders 5. Six beams 3 are 
fastened to each of the platforms and the furnace bottom 4 is 
mounted on them. The beam and the bottom are welded com¬ 
ponents made of heat resistant steel lKhl8N9T. In the operat¬ 
ing position, they are situated in the furnace space. 

All the operations connected with annealing are controlled 
from the panel 1. The pump station, feeding the hydraulic 
cylinder, is situated in a pit. The thermocouple 11 is installed at 
about 300 mm from the copper rotor coils undergoing annealing. 

Preparation of furnace and loading and annealing of copper 

The bath is filled with water whose level is maintained 
constant during the operation. The furnace is mounted in one 
of the end positions and heaters are switched on. Both the 
bottoms 4 are raised to the upper position by means of hydraulic 
cylinders 5 and the one lying outside the furnace is uniformly 
loaded with rotor coils. When the temperature inside the furnace 
reaches 400 to 500°C f both the bottoms are lowered in the bath. 
The furnace is then shifted to the other end position, where the 
loaded bottom is lowered. As soon as the former travels up to 
the stop, first the loaded bottom and then the free one are lifted. 
If the furnace temperature does not reach the above point, rotor 
coils should not be placed in the working space. This is because 
the scales may be formed on the copper surface. At a tempera¬ 
ture of 400 to 500°C, water under the furnace evaporates and 
forces out air from it. 

The free bottom is loaded with copper. When the furnace 
temperature reaches 700°C and the bottom loaded with the 
annealed copper is exposed to this temperature for 15 minutes, 
it is gradually immersed in water. Red hot copper is 
immersed for not less than 7 minutes. The other bottom too, 
with unannealed rotor coils, which was loaded at the time of 
annealing the coils of the adjacent bottom is simultaneously 
immersed in water. 
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The furnace is then shifted to the other end position (up 
to the stop). The bottom with unannealed copper is then raised 
into the furnace, followed by the one with annealed copper. The 
latter is unloaded and then loaded with unannealed copper. The 
cycle is now repeated. 

Following are the specifications of the electric furnace: 


power, kwt... 1 60 to 185 

supply, volts. 380 

phases.. 3 

frequency, cycles/sec.. .. 50 

working temperature, °C. 700 

number of loading platforms. 2 


carrying capacity of one platform, kg. ... 2500 

furnace atmosphere. superheated 

steam 


heating time, hours . .. 

output, tons/hour. 

3 

working space, mm. 

overall size, mm. 

overall weight, tons. 

pump station ShDP-12. 

working pressure in the pipeline, 
temperature control. 


1.5 

I to 1.25 
1400/3200/350 

_ 43 00x4350x2950. 

* 

II 

1 

kG/cm^ 10 
.. automatic (ShTs- 

13) 
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Dressing the pole coils 

The operation next to annealing is the dressing of the coils, 
which is done with the following objectives: 

a) to calibrate the coils so that all its turns uniformly lie 
one above the other, without collapsing inside and projecting 
outside; 

b) to achieve the required coil height. 

^STig. 5. 27 shows the most popular method of coil dressing. 



Fig. 5.27, Device for dressing pole coils. 

The coil 8 is fitted on the mandrel 1 and by turning the 
screw 9 by a small crowbar, the operator moves the mandrel 
lengthwise up to the stop in the coil. The coil is then hammered 
(straightened) by a lead sledge hammer on all the sides, and 
mandrel is again moved by screw 9 up to the stop in the coil. 

The lengthwise extension and hammering is repeated till 
a close contact is obtained between most of the turns and the 
mandrel. A steel ring 3 in the form of the coil is then laid on it. 
Steel pressing stands 2 are further placed on this ring at intervals 
of not more than 100 mm. The coils are pressed from sides by 
planks 4 and bolts 6, screwed in the adjustable stops 5. 
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The coil pressed in this maimer along with the mandrel 
mounted on the carriage 7 of the hydraulic press is rolled under 
it. It is then dressed vertically with a pressure mentioned in 
the coil drawing. When complete contact of turns is achieved, 
the coil is removed from the mandrel and passed on for sub¬ 
sequent operations. 

The dressing detailed above requires a powerful press 
(600 ton capacity) and appreciable amount of physical labor. 




rking 

stroke 


Fig. 5.28 . Hydraulic device far dressing the coils. 

a -general view; b - longitudinal section view. 


% 
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The "Elektrosila" factory employs the method of dressing 
and calibrating the coils by extension, with the help of a hydrau¬ 
lic device. This permits coil dressing along the height and the 
edge at the same time, as well as coil calibration up to the 
required length (Fig, 5,28). 

The rear of the frame has the following units mounted 

on it: 

1) a hydraulic pump 13, developing a tensile force as 
high as 300 tons; 

2) a 2 kw motor 12, running at 1500 r.p.m. , with starter 
equipment; 

3) distributor 14 with lever 15 for operating the device; 

4) a 50 to 60 liter oil tank. 

Hydraulic cylinders 5, 6 and 8, connected to each other 
by means of bolted joint, are mounted on the frame of the device. 
The cylinders have pistons operated by one common piston rod 
17. An interchangeable stop 10 with dimensions chosen to suit 
the coil size is bolted to the cylinders from the rear. The 
piston 4 of the first cylinder is bolted to the front movable 
stop 3, fastened on the slider that can slide along the guide 
1 ong itudinally. 

Cast iron or steel front portions 2, whose profile matches 
with that of the front portions of the pole coil, are fastened to 
the front and the rear stops, In accordance with the coil width, 
various lateral walls 7 are fastened to one side of the front 
movable stop 3. Similar walls 9 are fastened to the cylinder 
block and the rear stop. 

The hydraulic system comprises (a) the pipeline 11 from 
the oil tank to the pump, distributor and the cylinders; (b) valves 
to control the pressure of working and return strokes. 

Dressing on the hydraulic device is carried out in the 
following order; the coil, wound 5 to 8 mm shorter than the 
standard length, is fitted on the mandrel. On switching on 
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the motor 12, oil from the tank 16 enters the hydraulic pump 
13, When the distributor 14 is brought into operation and the 
lever is in "working stroke" position, oil passes through the 
pipeline 11 and enters the cylinders 5, 6 and 8, and fills them 
up. With the increase of pressure, oil acts with equal froce 
on pistons 4, 18 and 19, and sets them into motion. Pistons 
18 and 19 transmit force to the piston rod 17, connected to the 
piston 4. A force, equal to the sum of forces acting on all 
the three pistons, is thus exerted on this piston. It sets into 
motion the front stop 3 with front portion 2 and when it touches 
the coil, the coil is moved right up to the rear stop. 

As the pressure increases, the coil starts stretching out, 
remaining in close contact with the working surfaces of the 
device, till it achieves the dimensions, regulated by the catcher. 

If some turns on the straight portion of the coil are not in close 
contact with the device, they are lightly dressed by lead sledge 
hammers. 

When dressing is finished, the distributor is switched over 
to the "return stroke" position. Oil from the pump then flows 
through the pipeline into the cavity of the cylinder 6 from the 
side of the cylinder 5 and after filling it up, causes the piston 18 
along with the components connected to it to move in the reverse 
direction (up to the initial position). The motor is now switched 
off; the coil is removed from the device and passed on for the 
next operation. 

The hydraulic device described above permits the dressing 
of rotor coils of length 1100 to 2800 mm and width 260 to 450 mm. 

The use of the new method substantially cuts down the 
heavy manual labor and sharply increases the output as well as 
the quality of dressing. Moreover, the cold-pressing operation 
of the coils at the time of their dressing on powerful hydraulic 
press ( of 600 to 1000 ton capacity) is eliminated. Besides, the 
coil-baking, conducted in this press, maybe carried out simul¬ 
taneously with their dressing in the device. 

The connecting bars should be soldered to the upper and 
the lower ends of the coils along the dovetail groove. The opera¬ 
tions of cutting the ends, and marking as well as cutting out the 
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grooves in the wound coil weighing 300 to 1000 kg, are extremely 
difficult. For this reason, the technological process provides 
for seperate manufacture of leads weighing 15 to 20 kg, with 
their subsequent welding to the wound coil {Fig. 5.29 s a). Such 
a technological remedy lightens the labor and shortens the 
production cycle, because in this case the manufacture of the 
leads and coils can be conducted simultaneously. 



Weld 
Fig. 5.29. Coil leads. 

Thus the essence of the coil-assembling operation boils 
down to making the leads, joining them to the bars, and fina y, 
welding the leads to the coil. 
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The leads are made in following order (Fig. 5, 29, b). 
Straight strips of length e^ual to the developed length of the 
lead plus 20 mm ( an allowance of 10 mm on each side) are 
cut out from the copper coil. These are bent into ribs round 
the coil of radius R on a bending machine. With the help of a 
superimposed template having the same profile as that of the 
finished lead, lengths and L L of the latter are marked on 
these strips. Next, the left (or the right) dovetail is cut on the 
bent lead by-a stamp. 
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Fig. 5.30 shows such a stamp. A die 2 and a lifter 3 are 
mounted on the stamp plate 1 with the help of screws and pins. 
The die 4 having the shape of the dovetail to be cut is fixed 
through the holder 5 to the upper plate 6. Both the upper and 
lower plates are joined to each other by guide columns 11. 

A table 8 is fastened on one side of the lower base 1 at 
the same level as that of the die 2. It facilitates the mounting 
and fixing of the leads 9 and has limiting stops 7 and 10 provided 
on it. The stamp is universal, as the dovetails of all the coils 
are standardized. The stops are shifted and adjusted at various 
places on the table 8 so as to suit the actual dimensions and the 

shape of the coils. 

The next operation is the soldering of the bars. For this, 
the lead is mounted on the template 4 by basing it along the 
internal cylindrical profile {Fig. 5. 29, c). The connecting bar 3 
is then placed in the punched groove, adjusted on the right 
arms of the template and is silver-soldered to the lead. 

The template 4 (Fig. 5. 31) is made of 1.5 to 3 mm thick 
sheet ( depending on the coil dimensions) and has the following 
components riveted to it on both sides by rivets 7: 1) strips 1 
which form the circular portion of radius R of the coil along 
internal profile; 2) strips 3 forming the straight portion of the 

4 I S 

1 * 1 ^ 



Fig. 5.31. Template for the leads , 
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coil; 3) stiffening ribs 2 and 6 . The handl e 5 is means for 
handling the template. 

On both the sides of the sheet 4, there are two arms of 
width equal to the width a of the connecting bar and situated at 
a distance £ 3/2 from the template axis (coil axis) 00 and at 
a distance b from the point 0 . The template length l? should 
be 50 to 100 mm greater than half the coil length. For conven¬ 
ience in using the template, its weight should not be more than 
5 to 6 kg. 

The lead removed from the template is turned through 
180° for soldering on the other side. After the soldering regions 
are cleaned, the leads are sent for assembling with the coil. 

This operation is conducted with the help of the same template. 
By basing it along the internal cylindrical outline, the operator 
lays the template on the coil in such a manner that the end of the 
turn (Fig. 5. 29, c) rests on the template and is pressed to its 
upper projection. Next, lead 2 , with the soldered connecting bar 
3, is laid on the template and dressed. This is done in such a 
manner that its internal profile also touches the upper projection 
of that template and the bar occupies a correct position on its 
arm. 


The region of the joint with coil turn is marked on the 
lead. The lead is then removed, both of its branches are cut 
to the marking, burrs are filed off and is again mounted on the 
coil. 

Having adjusted the correct position of the lead according 
to the template and having tackwelded by gas welding, the opera¬ 
tor removes the template from the coil. Further, the lead is 
copper-soldered to the coil turn by gas welding first on the top, 
and then from the other side, after lifting the turn and slightly 
bending it back. 

Finally, the welded areas are cleaned off. The correct 
position of the turn and of the lead with bar is again checked 
in accordance with the template and, if necessary, dressed, 

l * Q 

The coil is turned over through 180 and the second lead is 
likewise prepared and soldered to the other side of the coil. 
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Insulatin g the pole coils 

After a careful inspection and removal of burrs, bulges 
and other defects, the coil is suspended on special shelves and 
its turns are separated from one another for placing asbestos 
insulation with adhesive varnish. Asbestos strips are glued on 
the corners of each turn round the external radius in order to 
even out the copper thickness. 

When the coils are being wound from copper of special 
section, long strips of asbestos paper (Fig. 5. 1 b) are glued on 
straight portions of the coils and the chamferings towards the 

core. 

Baking (Hot-pressing) the pole coils 

The insulated and well-dried coils are fitted on the mandrel 
similar to the one shown in Fig, 5.27. Current is now supplied 
to it from a low-voltage multiampere-range generator. The 
first nonpressure heating is done with a current density of not 
more than 6 amp/mm 2 up to a temperature of 160° to 180 C. 

The current is then switched off and the coil is gradually burst 
open from inside by pressing it from outside. 

Along with the carriage, the well-dressed coil and the 
mandrel are rolled under the hydraulic press, the current is 
fed and heating continued for the second time up to 160 to 180 C. 
At the maximum temperature, the coil is hot-pressed for 45 to 60 
minutes under a pressure corresponding to the one given in 
coil drawing. The coil still under pressure is cooled by a fan. 

When hot-pressing is completed, the coils are cleared of 
beads of gluing material and absestos paper and is coated with 
varnish. 

The coils are tested for short circuit of the turns in cold 
condition under pressure at a voltage ten times higher than 
the nominal. They are then passed on for assembling with the 
insulated core. 

Coils with forced air cooling 

Poles with forced air cooling, shown in Fig. 5,32, have 
a number of design features different from the usual poles. These 
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provide the passage of colling air across the coil turns. Instead 
of ordinary asbestos insulation between turns, insulating braces 
are placed uniformly along the length and a definite clearance is 
kept between the coil and the core. By installing special insulat¬ 
ing wedges, the uniformity of the clearance is achieved. 



Fig. 5.32. Pole with forced air cooled windings. 


For a reliable connection between the turns and the braces, 
their mating surfaces are glued by varnish. To impart solidity 
to the coil, mechanical fastening is carried out by means of 
couplers with insulating packings. Upper and lower insulating 
washers have special recesses for the couplers. 

A steel washer is mounted below the lower one to prevent 
the wedge from falling down. The pole core is insulated by a 
liner. Grooves which increase the cooling surface and which are 
conducive to reduction in surface losses, are cut on the external 
cylindrical surface of the pole-face tip. 

Fabricating the coils 

The wound, annealed, and dressed coil {in the device) 

(Fig. 5.33) with soldered connecting bars, is usually suspended 
on special shelves. The turns are stretched, carefully cleaned 
and coated with varnish. Next, a chalk mark is made on the 
upper turn for placing the insulating braces and the markings 
are transferred to all the remaining turns by a set square. The 
lower turn is removed from the rest of the coil and insulating 
braces are placed on it in accordance with the marking. These 
separators are preliminarily coated with varnish and dried. Ihe 
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braces between the rest of the turns are placed in a similar 
manner. 



Plan 


fC 


¥ 


3 


3= 

3= 

3= 


3= 

3 


Fig, 5.33. Coil with forced air cooling. 


For baking (hot-pressing) the coils, press mandrel is 
mounted on the plate of the sliding carriage of the hydraulic 
press. The steel rings of thickness not less than 20 mm and the 
insulating washer are laid on this mandrel. The coil is fitted 
on the mandrel and two glass textolite semi-cup packings, var¬ 
nished on the inside surface, are put at every place where the 
connectors are to be housed. The coil is covered by an insulat¬ 
ing washer and a steel ring of minimum thickness 40 mm. 

The heating of the coil, its dressing on the mandrel, and 
pressing in the heated state under a given pressure are carried 
out in the same manner as that for ordinary coils. 

After baking, ducts are cleaned in the coil and removed 
from the mandrel. Steel connectors are next fitted, pressed 
around the coil and welded to each other, thus creating a strong 
ring around the coil. Asbestos paper is glued on the extreme 
turns of the coil and smoothened out by a hot iron. 
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Coils with water cooling 

The pole coils with water cooling, shown in Fig.5.34, are 
made from the conductors of rectangular section with an internal 
hole. They consist of two semicoils — external and internal 

ones _- joined by a crosspiece. The cooling liquid is fed into 

the external coil and taken out from the internal one. The coils 
are insulated from each other along the profile by packings of 
insulating cardboard. The inter-turn insulation of each coil is 
also made of insulating packings coated with varnish. 


A A 



Fig. 5.34. Internal water-cooled coil. 

Special packings are laid to even out the crests of semi¬ 
coils, whereas profiled insulating packing is placed at troughs 
adjacent to the crosspiece. The semicoil is joined to the cross¬ 
piece by the solder PSr-45. To prevent its leakage, holes are 
drilled at this place and copper pipe is fixed in them. 

The manufacture of coils described above involves follow¬ 
ing operations: 

1} individual winding of each semicoil; 

2) removal of beads; 

3) annealing of semicoils; 

4) etching and neutralization; 

5) cold-pressing (dressing); 

6) preparing the leads; 

7) assembling the semicoils and leads; 
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8) testing the hermetic state; 

9) laying the turn-insulation and preliminary baking of 
semicoils; 

10) clearing the semicoils of the beads of insulation on the 
turns; 

11) making the crosspieces; 

12) assembling the coils; 

13) pressing and baking (hot-pressing) the coils; 

14) cleaning the coils; 

15) testing the hydraulic resistance; 

16) testing the hermetic state; 

17) insulating the coils; 

18) painting the coils. 

As pointed out earlier, the semicoils are wound individually 
into a right-handed spiral for turns of external semicoil 7 and a 
left-handed spiral for internal semicoil 1 (Fig. 5. 35). 

Beads are removed either by a file or by a cylindrical 
miller with fine teeth fitted on the shaft of the grinding motor. 

The annealing of semicoils is done in the usual manner. 

It is then followed by etching for cleaning off the scale and the 
oxides and neutralisation. 

The cold-pressing (dressing) is also conducted in the 
usual manner, i. e. , under a press on a special mandrel. 

The leads 2 and 5 are fabricated simultaneously with the 
semicoils in the following manner: the copper is bent on a spe¬ 
cial mandrel; the face of the end (turned back) is cut to the re¬ 
quired dimension; the joint is carefully cleaned and holes are 
drilled to receive the connecting pipe 4. After compressed air 
is blown through the lead, the connecting pipe 4 is placed on the 
reverse side and soldered to it by solder PSr-45. Each work¬ 
ing of the end of the semi coil or the lead should be followed by 
the indispensable blowing of air from the back side, which re¬ 
moves the cuttings and the dirt from the hollow copper. (To 
avoid repetition, this operation will not be indicated henceforth). 

The lead should have a hole drilled in it on the other side 
to receive pipe 8. Connecting bars 3 and 6 are soldered to the 
end of the lead, as shown in the figure. 
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Fig. 5.35. Semicoils of the pole with internal water cooling. 

In the same manner, the end of the lower turn of each 
semicoil is cleaned off after the hole is drilled in it. Next, the 
lead is joined to each of the semicoil by copper pipe 8 so that 
they touch each other and the joint is soldered by solder PSr-45. 

To test the hermetic state of the semicoils, they should be 
closed tightly from the side of the crosspiece. For this purpose 
a hole is drilled and tapped on the upper coil turn (Fig. 5.35, 

A-A). Compressed air is blown through the coil from the side 
of the lead and a plug with rubber packing is placed in the tapped 
hole. The hose from the hydraulic pump is connected to the 
connecting pipe 4. The coil is tested by water at a pressure of 
60 gage atmospheres for a period of 15 minutes. The tested 
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coil is disconnected, the cork unscrewed and compressed air is 
blown through to remove the residual water. 

When this is completed, the lead is screwed into the 
tapped hole of the coil for connecting it to the heating unit. The 
turns are insulated and the coil is baked, as usual, under a 
press. 

The operations of clearing the semicoil of the beads and 
leakage of varnish follow. 

The crosspiece is made of the same type of copper as the 
coil. For this, a copper piece of required length is cut out, 
holes are drilled at both ends for technological pipes and the 
crosspiece is bent to the dimensions given in the drawing. 

For connecting the semicoils to the crosspiece, holes are 
also drilled in upper coil turns to receive the copper pipe, and 
the turn ends are carefully cleaned. 

At the time of assembling, the internal coil is so placed 
on a work bench that its lead hangs down freely. The external 

coil, with its lead downward, is then also fitted to the internal 
one. 


As pointed out earlier, insulating packings coated with 
varnish are laid in the clearance between the coils. Local 
clearances are packed with additional insulating packings lami¬ 
nated with varnish. The crosspiece is next joined to both the 
semicoils and marked according to the coil turns for cutting. 

The cut crosspiece ends, cleaned carefully, are connected to 
semicoils with the help of copper pipe 4. They are so connected 
at there is a close contact between the joints and they are then 
soldered by the solder PSr-45. Insulating packings coated with 
varnish are now placed between the crosspiece and the turns. 

The coil, levelled out by varnish-coated insulation pack¬ 
ings, is placed in the press for baking at the prescribed tem¬ 
perature and pressure. It is subsequently cleared of the varnish 
beads. 
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The concluding operations are: 

1) testing the hydraulic resistance by passing water at an 
inlet pressure of 1 gage atmosphere through the coil. In the 
process, the amount of water consumed per unit time is com¬ 
pared with the computed one; 

2) testing the hermetic state at 60 gage atmosphere pres¬ 
sure and subsequent blowing of compressed air through the coil 
to remove residual water; 

3) insulating the entire coil by a layer of taffeta tape 8 and 
applying two coatings of enamel. 

Protecting cowls should be screwed on the connecting pipe 
4 to protect it against dents and on the internal holes in copper 
to avoid soiling. 

5.4 Technology of pole assembly 

The pole core 8 with conventional air cooling (Fig. 5, l,b) is 
mounted with its stem upwards. It is then coated with enamel 
GF-92-Kh.S (GOST 9151-59) and dried. The glued insulating 
liner 7 is then fitted on the core. Clearances between the core 
and the frontal portion are packed with laminated insulating 
packing coated with glyptal-bakelite varnish No. 88 (nomen¬ 
clature of "Elektrosila" factory). Next, the insulating washer 3 
is placed on the core and the coil 4 is placed on it. Uniform 
position of the coil relative to the core in axial direction is ad¬ 
justed and the coil is wedged by laminated or beechnut wedges in 
accordance with the drawing. 

After placing the upper insulating washer 5 on the coil and 
the steel washer over it, the assembled pole is installed under 
the press and is subjected to the minimum pressure ensuring a 
close contact between the washers and the coil of the poles. 

While doing so, the overall coil height with the washers relative 
to the core is checked. Along the entire coil periphery the 
height should be the same as or 2 mm less than, the core 
height. If the insulating washer extends above the core, it 

should be milled. 
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The pole assembled finally after adjustment of washers is 
once again mounted under the press and tested. For this, the 
leads from an alternating current testing rig are connected to 
the leads of the coil, the pressure is increased up to the value 
given in the drawing and the turns tested for short circuits. 

It is well known, that the current in a short circuited 
pole-coil turn is much greater than in the rest of the turns: 


x k = I o ( w “ 1 ) 

where - current in the short circuited turn; 

I Q - current in the remaining turns; 
w - number of coil turns. 

For this reason the short circuited turn gets heated very 
quickly and can easily be located by touch. (Needless to men¬ 
tion that rules of industrial safety measures must be observed). 
After locating the short circuited coil, the short circuiting is 
eliminated by laying extra insulation, viz. , mica. 

The frame is tested after conducting a second test for 
short circuit in the turns. 

The forced-cooled pole is assembled in a different manner 
by maintaining a uniform clearance relative to the core, the 
operator fits an insulating washer on the insulated core (Fig. 
5 . 32 ) mounted on a damping pole tip. The coil is placed on the 
core in the same manner. Insulating shoes are then placed in 
the respective grooves of the braces (from the side of the coil) 
and the coil is uniformly wedged. The lower insulation washer 
and the technological steel washer are laid on the pole, which is 
then placed under the press. The inter-turn insulation is tested 
with a. c. voltage, ten times the rated one, for electrical 
strength for 5 minutes. Finally, insulation of the pole core is 
tested on the frame. 

The protective washer is now laid on the pole and the 
clearance between the washer and the core is glued up to a tight 
paper for guarding the internal surfaces against soiling. 
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Fig. 5.36. Pole with water-cooled winding. 

1 - core; 2 - insulating washers; 3 - coil; 4,5 - core insulation; 
6 - lower insulating washer. 

Assembly of the water-cooled pole (Fig, 5,36) does not 
differ much from the one described above for the conventional 
air-cooled pole. 
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CHAPTER VI 


SPIDERS, GUIDE BEARINGS AND 

THRUST BEARINGS 


6. 1 General 


The upper and the lower spiders of hydrogenerators serve 
to support the guide bearings and thrust bearings. 

Upper spiders rest on the upper flange of the stator and 
support the bedplates of the exciters of the auxiliary and the regu¬ 
lating generators. They also bear the upper covers of the genera¬ 
tors. The lugs of the upper spiders with guide hearings mounted 
in them are in contact with screw-type stops. These stops are 
meant for aligning the spiders and for transmitting radial forces 
to the foundation. 


Lower spiders are fastened to the concrete foundation ring, 
independently of the stator. The stay blocks of brake-jacks are 
mounted on these spiders, normally on their lugs. The brake- 
jacks serve to brake the generator and raise the rotor during the 
inspection of the thrust bearing. 


The weight of the rotor with the shaft coupled to it and the 
turbine runner, as well as the force due to water pressure on the 
blades of the turbine runner are transmitted through the thrust 
bearing to the supporting spider or to the turbine cover. This 
bearing is located either in the central part of the spider or on it. 

In the case of overhead-type generators, bearing surface 
of the thrust bearing is positioned above the rotor. Hence, in such 
generators, the bearing is mounted in the upper spider unit {Fig. 
1.2). For umbrella-type generators, the thrust bearing is fitted 
below the rotor and the load is transmitted to the lower spider 
(Fig. I. 1 and 1.3). 
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All large hydrogenerators, both of overhead as well as 
umbrella type, have one or two guide bearings: one in the upper 
spider and one in the lower spider under the rotor. In some 
designs with one upper guide bearing, the lower spider is absent 
and the oil bath with the thrust bearing is placed on a special base 
resting on the turbine cover. In such cases brake-jacks are situ¬ 
ated directly on reinforced concrete foundation. 

The design of the spider depends on the vertical force, the 
span covered by the spider and the possibility of rail transport. 

All the spiders of large hydrogenerators are welded struc¬ 
tures. Depending on the stator diameter and the pressure on the 
thrust bearing, the spiders can be of two types: 

a) bridge-type with two and four T-beams (Fig. 6. 1); 

b) flywheel-type with detachable radial lugs (Fig. 6.2). 

In both the types, the central part of the spider can serve 
as an oil bath for the bearings and in some designs for the thrust 
bearings as well. 

The bridge-type spiders are primarily employed in low and 
medium capacity generators. The spiders of large and high-capa¬ 
city generators, as a rule, are of the flywheel-type. 

There are various methods of joining the central part of 
flywheel-type spiders to the lugs. 

a) upper disc of the central part is joined to the upper 
shelves of the lug by joint spars. In this case, the lower disc 
is joined to the lower lug shelves by a lap joint and fastened by 
taper studs (Fig. 6.2); 

b) the central part is connected to the lugs by joint spars 
and tension studs ( Figs I. 1 and 6. 8). 

6. 2 Technology of Manufacturing the Spiders , 

Machining of spiders consists of two stages: 
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Fig. 6.1. Bridge-type spiders: a - with two beams ; b - with four beams. 

1 - stator; 2 - upper spider. 

a) machining of individual components before welding; 

b) final machining of the spider after assembling the central 
part and the lugs. 
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Fig. 6.2. Flywheel-type upper spider. 

1 - central part; 2 - lower disc; 3 - upper disc; 4 - bushing; 

5 - cylinder of the spider; 6 - rib; 7 - joint spars; 8 - taper studs; 
9 - lug; 10 - lower lug shelf. 


Machining of the components of flywheel-type spider (Fig. 
6.2 ) prior to welding is described below. 

Upper ring 3: Turning and boring the ring; cutting the end 
face that is to be welded to the ribs 6; marking (on external end 
face of the ring) the center lines and edges according to the num¬ 
ber of lugs; edge-cutting by gas-oxygen flame and removing the 
flats for welding the joint spars 7. 

Lower ring 2: Turning and boring the ring; cutting the end 
face that is to be joined to lower shelves 10. 

The cylinder 5 of the upper spider serves to install the 
supporting bolts of the guide bearing and the external wall of 
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the bearing oil bath. The blank for the cylinder is a thick-walled 
steel-ring casting. 

The process of machining the cylinder (Fig. 6.3) consists 
of. turning, boring and cutting end faces on a turning and boring 
lathe, drilling tapped holes on the end face; drilling holes on the 
external cylinder surface by a trepanning drill (Fig, 4. 24) with 
subsequent boring to the required size and tolerance, and facing 
from the side_of internal cylinder. 



Fig. 6. 3. Cylinder of the upper spider. 


In place of cutting the external surface (for the sight holes 
and the protecting cowls of supporting bolts), flats of width 220 
and 300 ( view 'D' in Fig. 6. 3) are milled at high speed by a face¬ 
milling block set with carbide tips. The operation is carried out 
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on a horizontal boring machine ( on a column miller) with the 
cylinder mounted on the turntable. Drilling of smaller holes 
on the cylindrical surface, however, is done by a transportable 
horizontal drilling machine. 

Joint spars 7 (Fig. 6.2): planing from the side of the joint; 
drilling holes for coupling studs; joining spar pairs by studs and 
pinning them from the side of the join*,. 

Lower lug shelf (Fig. 6. 4 or position 1 0 in Fig. 6. 2): mill¬ 
ing the projection for joining it to the lower disc 2; marking 
center lines, on both sides, on the lower lug shelf; marking all 
the preliminary holes for the taper studs. The rest of the holes 
are marked after laying and fastening the shelf 10 to disc 2, and 
drilled after removing the shelf fi om it. 

The ribs 6 (Fig. 6.2) are milled in packets of one size 
along the height from the side to be joined with the cylinder 5 

and the spars 7* 
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Fig. 6. 4. Lower lug shelf of the upper spider. 


Welding and machining central spider part 1 

For welding, the components are assembled in turned over 
position of the spider. The upper disc 3, welded ( from two parts) 
and machined earlier, is laid on the assembly plate. ^ The posi¬ 
tion of the cylinder 5, the radial ribs 6 and the remaining inter¬ 
mediate ribs is marked on the surface of the disc. After mount¬ 
ing the components 5 and 6 and tackwelding them to the upper 
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disc, they are covered by the lower disc 2 and tackwelded to it. 
Further, pairs of joint spars 7 and all the small ribs are posi¬ 
tioned and tackwelded. 

When the preliminary assembly is over, all the mounted 
components are welded, in the lower and the vertical positions. 

The central spider part is then turned through 180° and by 
supporting it on lower disc 2, subsequent welding is carried out. 

It is then annealed to relieve internal stresses. After this, it 
undergoes the turning and boring operation, followed by adjust¬ 
ment along the bore and the face of cylinder 5 which is not machin¬ 
ed any longer. 


The turning and boring operations being completed, the 
central part is mounted on the assembly plate, so that the side 
of the lower disc is up (Fig. 6.5 >. The center lines of lugs are 
now marked on it. Next, the lower lug shelves with marked 
center lines and the holes for taper studs are laid on the disc in 
such a way that the center lines on the disc and on the lugs coin¬ 
cide. The lugs are arranged radially and adjusted along the 
chord. The lower shelves are now clamped to the central part 
and, to strengthen the fastening, they are electrically tack¬ 
welded to the lower discs. 



Fig.$. t Assembling the lower lug shelves with the central part for simul¬ 
taneous drilling of holes for taper studs. 
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To prevent the sagging of the ends of the lower shelves, 
pedestals with supporting jacks are placed under each shelf. This 
permits the motion of the shelves in three directions, viz. , longi 
tudinal, transverse, and upwards. 


Drilling, boring, and reaming of holes for taper studs are 
then simultaneously carried out in the disc and the lower lug 
shelves (according to the marking done on the lug) by radial drill¬ 
ing machine, after which the taper studs are inserted in these 
holes. Holes for fixing the auxiliary generator and the spider to 
the stator are then marked on these shelves, fastened in the above 
manner. Tapped holes too are marked for the squeezing bolts 

(Fig. 6.2). 


After completing these operations, the lower shelves along 
with the lower disc, as also the taper studs and their positions 
on the lower shelves are marked. 


The shelves are disconnected and are sent for drilling and 
welding finally to the lugs (Fig. 6. 6). At the time of welding, 
the central part 2 is mounted with the lower disc on measuring 
stands; then, in conformity with the marking, lower J*g .helve. 

3 are brought up to it ( from the bottom of the disc). After plac 
in n the taper studs in the farthest holes, each of the shelves is 
tightened by nuts to the disc. Simultaneously with this, supports 

with jacks are positioned under the free lug ends. Lower shelves 
are mounted with the help of a traveling crane, supported i 
they are finally fastened by studs and propped at the other end. 



Fig. 5. €. Assembling and welding the central spider part to the lugs. 
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Further, welded and annealed lugs 1 are placed on lower 
shelves, move so as to touch the joint spars and welded to them 
and to the lower shelves. All the lower and the vertical joints 
are welded in this position. After disconnecting the lugs and 
turning them through 180°, the rest of the joints are welded in 
the lower position. 

The central part is sent for drilling holes on the side of 
upper and lower discs. The adjusting bushing 4 (with internal 
threads) are then placed in the corresponding holes of the cylinder 
5 (Fig. 6. 2 ) for mounting the supporting bolts of the guide bear¬ 
ing. The necessity of fitting the bushings arises from the fact 
that the size of the holes in the cylinder is altered after annealing. 


The concluding operation consists in making test assem¬ 
blies (Fig. 6. 7) of the following elements with the central part 
2: screen 7, tie piece 1 of the contact rings, case 5 of the thrust 
bearing, and oil bath 6. These are simultaneously fixed by 
dowel pins. 


We shall now briefly consider the technological process of 
manufacturing the flywheel-type upper spider of an umbrella- 
type hydrogenerator. Here the central part 1 (Fig. 6. 8) is joined 
to the lugs 7 by joint spars 6. The preliminary machining of the 
components, namely, joint spars 6, discs 2 and 5, cylinder 3 
and the ribs 4, is similar to the one described earlier. 

When the welding and annealing of the central part (with the 
joint spars fastened in pairs) is complete, it is machined on a 
turning and boring lathe and once again returned to the welding 
shop for welding to the lugs. The central part is mounted in the 
turned up position { lower disc up ). In this position, the lugs 
that are welded and annealed earlier are brought close to it and 
are welded to their joint spars. In the same place, holes are 
marked on the welded portion on the lower lug shelves for fasten¬ 
ing the auxiliary generator and for fixing the bolts to connect the 
spider to the stator. 

While marking the lugs and the central part, the operator 
unfastens the former and having turned them over, welds all the 
earlier inaccessible places. He, then, passes the lugs on to 
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The screen 6 is a thin-walled steel cylinder with a flange 
welded to its lower part. Machining of the screen amounts to: 
turning and boring of external cylinder and flange as well as the 
cutting of its face, drilling and tapping of holes for fixing it to 
the spider disc. 

Thrust bearing 

The supporting bearing ( thrust bearing ) is a vital unit of 
the generator. It takes the vertical force due to the weight of 
rotor, shaft and turbine runner, as well as the force due to the 
pressure of water on its blades. Consequently, special attention 
should be paid to the welding technology and the machining of its 
components. 

The main working components of the bearing are: the 
rotating ring and the fixed segments. The remaining parts of the 
bearing unit serve as a support for its segments and the rings. 

If the thrust bearing is to operate reliably, the following 
are the essential requirements: the friction surface of its ring 
should be truly horizontal and perpendicular to the shaft axis 
of the generator; the segments should be pressed to the ring with 
the same force; the formation of a stable oil film should be 
ensured between the friction surfaces. 

All the thrust bearings made in USSR are manufactured with 
self-aligning segments and a smooth rotating disc. Depending on 
its design, the bearing may be of two types: 

a) on rigid screw supports { Fig. 6.12); 

b) on hydraulic or lever supports with automatic leveling 
of segments along height. 


The thrust bearing on a hydraulic support with elastic base 
is designed and manufactured at the "Uralelektrotyazhmash" 
factory named after V.I. Lenin. It consists of hollow chambers 
5 under each segment 1 ( with steel base 2 ) and a chamber 3 ( lg. 
6. 13). The chambers communicate with each other through 
channels welded to the plate 4 of the base. The hollow spaces 
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The key projection of the stop I and its face resting on the 
pin 2 serve as bases 3 for the jig. The bracket 5 of the device, 
which grips the stop along its two inclined lateral sides, prevents 
the setting of the jig on the wider end of the stop. 

Segments of thrust bearing 

Fig. 6. 1 8 shows three types of segments that are used in 
the design of thrust bearings by the ' ’Elektrosila 11 factory. Each 
of them has a trapezoidal form, is cylindrical on the outer as 
well as the inner side and has straight radial faces on lateral 
sides. As already pointed out, the segments should rest with 
their lateral projections on the upper widenings of the stops. 
Moreover, when the rotor is being lifted on the brakes, the seg¬ 
ment should separate from the face of the bearing ring. 


The first type of segment {Fig. 6. 18, a) is a steel base of 
200 mm diameter. Its upper plane has dovetail grooves for fixing 
a B83 (GOST 1320-55) babbit. 



Fig, 5 . 18. Segments of thrust hearing. 

a - onepiece; b - double layer; c - double layer segment with 
water cooling. 
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Fig. 6.29. The bearing ring with laminated insulating segments under an 
umbrella -type press. 

is then laid with a ring-shaped traverse 6 over it. The rod 8 is 
now locked by means of the locking ring 7. 

2 

Pressure corresponding to a specific pressure of 3 kG/cm 
on the glued surface is next applied on the bearing ring, and 
maintained for 5 hours. After releasing the pressure, the ring 
is kept in the press for a period of 20 hours till the glue becomes 
completely hardened. 

After removing the device,triacetate filmland rubber from 
the press, the clearances between the segments are filled up 
with cold-hardened paste of the following composition: epoxy 
glue-- 120 parts by weight; marshallite ( GOST 2138-53) --50 
to 100 parts by weight. They are then maintained in such a state 
for a period of 20 hours till complete hardening takes place. 

'X 

Finally the ring is machined on a turning and boring lathe 
in the same way as described above. 

Preaervation of the bearing ring 

When the surfaces of the ring other than, the polished one 
are prepared for preservation, they are coated with two layers 
of enamel NKO-2L (GOST 4631-53), and each layer is dried for 
3 hours at 18° -20°C. This coating is done before starting the 
preservation of the polished surface. 
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HYDROGENERATOR INSTALLATION 


Stator dimensions along diameter 
at the erection site 


along the 
sectors 

points of 
measure - 

ments 

deviation r 

from 9^11,0 00 

with sign 


a * a 

top 

middle 

bottom 


1-4 

b - b 

top 

middle 

bottom 



c - c 

top 

middle 

bottom 



a * a 

top 

middle 

bottom 


2-5 

b - b 

top 

middle 

bottom 



c - c 

top 

middle 

bottom 



a - a 

top 

middle 

bottom 


3-6 

b - b 

top 

middle 

bottom 



c - e 

top 

middle 

bottom 




Fig. 7. l,e. View of the sector joints 
from the side of the casing. 



Joint 6 - i 


Joint 


Joint 4-5 


Joint 2 


-Joint 


5-6 


Fig. 7.2. The tally card for the stator -bore 
dimensions measured at the erec - 
tion site. 
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HYDROGENERATOR INSTALLATION 


While mounting on the pedestal, on the other hand, its position 
is preliminarily fixed relative to two neighboring sectors by 
four rods (two on each side). 

The verticality of the sector is checked at the joint and 
the nuts of studs are tightened so as to bring the preliminary 
clearance at the joints to 1.5 to Z. 5 mm. Then 1 to 1.2 mm 
thick electrical insulating carboard is inserted into the clear¬ 
ance along the - back. 

Mooting and welding the strips to the shelves at the sector 
joints; setting the squeezing devices on the joint pedestals. 
Adjusting the joints along the active steel. Centering the jpints 

As shown in Fig. 7. 1, b and e, 24 technological strips 6 
with squeezing bolts are welded to the shelves at the joints of 
sectors. With the help of bolts of these strips, the radial re¬ 
cesses at the joints of active steel are reduced to 0 . 2 to 0.5 mm. 
While doing so, measurement is taken along the second block 
at the top and the bottom of the core. jLocal recesses up to 
1 mm are permissible along the remaining length of the joint. 

As mentioned above, adjustment is done by means of bolts 
of two strips and the joint is clamped with bolts of two other 
strips. The sector joints are centered about the column or the 
plumb line at the points a and c, to a radial dimension Rj = R 3 = 

55 00. 0*1* ® with the help of stop devices 3 and 5 of the pedes¬ 
tals. 


The measurements from the center are carried out along 
the second active steel block. They are taken from the top and 
the bottom of the stator with the aid of a microineter end-gage. 
On completion of centering along the joint, the ovality of the 
stator should not exceed 1,5 to 2 mm. 

Subsequently, the rods are removed from the extreme 
holes, studs are introduced in all the holes of the joint spars 
and. all the joints are uniformly tightened. The radii are 
measured at the following points of each sector: along the joints 
at the points a, b and c, and in the middle along the radii R lt 
Rg* r 3 in eacil of the six sectors at 54 points of the stator. 

The ovality of the stator should not be more than 1 .5 to 2 mm. 
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